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A FORTRAN IV TWO-DIMENSIONAL DISCRETE ANGULAR
SEGMENTATION TRANSPORT PROGRAM
by Clayton E. Barber

Lewis Research Center

SUMMARY

The development of the discrete angular segmentation method is given for solving the
transport equation for a multigroup two-dimensional FORTRAN IV program. Finite-
difference equations are derived in some detail and calculational procedures are dis-
cussed. The application of scaling and overrelaxation as methods to accelerate the con-
vergence of the neutron fluxes is described. The effect of these methods on convergence
rates for selected problems is shown. The program is described, including the input
instructions, along with some notes concerning program operation. A sample problem
and a FORTRAN IV listing are also included.

INTRODUCTION

A transport program is required because of the inability of diffusion theory to give
acceptable results for some problems. For example, the discrepancies between dif -
fusion theory and experiment for some high leakage cores, for the streaming along void
regions, and for thin highly absorptive regions makes this need apparent. The discrete
angular segmentation method of transport theory has yielded smaller discrepancies than
diffusion theory for problems of these types.

The discrete angular segmentation or Sn method was originally developed by
Carlson at Los Alamos Scientific Laboratory (refs. 1 to 3). The Sn method is basically
a numerical, iterative difference method in which the continuous angular distribution of
neutron velocities is represented by considering discrete angular directions. This
method was originally developed for the calculation of fast-reactor assemblies that
usually converged rapidly. It has since been applied to a wide variety of problems. Some
of these problems such as those with large regions of long neutron lifetime, thermal re-
actor systems, or complex two-dimensional problems sometimes converge very slowly.



It is thus desirable to accelerate the flux convergence as much as possible.

The TDSN program was developed in recognition of the need for a FORTRAN IV
multigroup two-dimensional Sn transport program that would converge these problems
by the application of overrelaxation methods to the flux and source iterations. Various
scaling procedures are discussed by Carlson (ref. 4), while other approaches to the
problem of accelerating convergence are those of Putnam (ref. 5) and of Blue and Flatt
(ref. 6).

The TDSN program will solve either one-dimensional (slab, cylinder, or sphere) or
two-dimensional (x,y or r,z) problems with either zero-return-current or reflective
boundary conditions. The reflective condition for curved boundaries can be either mirror
reflection from a plane surface or isotropic reflection. Certain types of geometric sym -
metries are used to reduce the number of mesh intervals required in two-dimensional
problems. Buckling losses for transverse directions can be included. The cross sec-
tions can be either P, or transport corrected P, with full up- and down-scattering
matrices. The array dimensions are completely flexible. Approximately 15 000 storages
are required for the unsubscripted variables and the program, including the Lewis moni-
tor system, so that about 17 500 storages are available for subscripted variables on a
32 768 storage computer.

Acceleration parameters may be used, and provisions are included to stop and re-
start a problem after a specified running time or inner iteration count. On restart, the
acceleration parameters, convergence criteria, and output options can be changed.

Output options include activity tables, flux-weighted cross-section averaging, col-
collapsed-group cross sections, disadvantage factors, and edits over specified groups
ard mesh intervals. Input options include using a flat initial flux guess, reading in an
initial flux guess, or using a binary card dump of a previous problem as a flux guess.
Direction cosines and weights may be included in the input or may be calculated by the
program by using a moment modified quadrature procedure.

Another limitation on problems to be run by TDSN, besides size, is that the eigen-
value must be the multiplication factor. Thus, no option for running a calculation with
either an external source or a distributed internal source is available.

SYMBOLS

Aik area of mesh-cell surface at r; and Z'k normal to %, cm2

-~

Cik area of mesh-cell surface at Fi and 2z, normal to k, cm2

c number of neutrons emitted per collision, (1/‘2.7f + ES)/ Et

f scale factor




P, (&)
Pn(@
Py (8)
r

r,z

S(u, 7, Q)

mé

> © o g

v v o«

2%(u, B)

=, 5)

number of neutron lethargy groups
unit vectors for rectangular coordinates

neutron current in q-direction; net number of neutrons in lethargy group g
per unit area flowing in the q-direction at point specified by p,
neutrons/ cm?

neutron multiplication factor
order of S, quadrature
Legendre polynomial

spherical harmonic

associated Legendre polynomial
unit vector in radial direction
coordinate variables to specify position g, p = rr + zk, cm

directional source; number of neutrons per unit solid angle per unit volume
introduced per unit lethargy into direction © at position p,
neutrons/ cm3/ sr/unit lethargy (see eq. (2))

total directional source for lethargy group g (see eq. (10)),
neutrons/ cm3/ ST

neutron lethargy

volume of mesh cell surrounding point Fi, Zk, cm3
quadrature weights for angular segment m, ¢
deviation of two results

angle between k and @

growth factor for production; ratio of total production resulting from outer
iteration to similar production at beginning of iteration

average number of neutrons that appear as result of a nuclear fission
cosine of 6
position vector, cm

probability per unit distance of neutron travel of a neutron at lethargy u
and position § being absorbed by a nucleus, cm -1

probability per unit distance of neutron travel of a nuclear fission at lethargy
u and position 7, cm -1



S -—
Z7(u,p)

%' ~u,p, Q' - Q)

=Y, p)

=% (u, 5)

w

Subscripts:

probability per unit distance of neutron travel of neutron at

lethargy u and position g Dbeing scattered by a nucleus, cm -1

kernal for neutron-nucleus scattering per unit distance of neutron
travel from lethargy u' about lethargy u per unit lethargy
through angle cos -1 (@' Q) at position p, per cm per unit lethargy

total collision probability per unit distance of neutron travel at
lethargy u and position p, stoz2, =5, em -1

macroscopic transport cross section per unit distance of neutron

travel at lethargy u and position p, em™!

nondirectional scalar neutron flux; number of neutrons in lethargy

group g per unit area at point specified by p, neutrons/ cm2

angle between r and projection of © in plane perpendicular to K

fission spectrum; probability that a neutron born in fission of a
nucleus will be in lethargy interval du about lethargy u,

f x(u)du = 1
directional flux; number of neutrons per unit lethargy per unit

solid angle per unit area at point specified by position vector o
and flowing in direction €, neutrons/ cmz/ sr/unit lethargy

direction of neutron flow at position 7
direction cosine to radial direction r Qr = +/1 - §2 cos (p>

rectangular coordinate direction cosines (QZ represents same
cosine as &)

~

directional derivative; net flow of neutrons in direction Q per
unit lethargy per unit solid angle per unit volume away from
point specified by position vector p, neutrons/ cm3/
sr/unit lethargy

overrelaxation factor

boundary
lethargy group
numerical position of mesh cell in first direction, r or x

numerical position of mesh cell in second direction, y or z




[} numerical position from negative r- or x-direction of angular quadrature
segment on unit sphere surrounding point i,k

m numerical position from pole or k-direction of angular quadrature segment
on unit sphere surrounding point ik

qa represents generalized coordinate such as x, y, z, or r

Superscripts:

a absorption

act activity

f fission

in inelastic scattering

[} order of spherical harmonic

n - 2n n - 2n scattering

p present outer iteration being performed

jo] present inner iteration being performed

r scattering removal

s scattering

t total

tr transport

up ~ up-scattering, scattering to a group of higher energy

) average; over a subscript, midpoint of interval with which subscript is con-
cerned

TRANSPORT EQUATION AND BOUNDARY CONDITIONS FOR r,z GEOMETRY

The time-independent Boltzmann equation of transport theory may be written as

& - Ve, B, Q) + 2tw, 5)¥m, B, Q) = S, 5, &) (1)

where



S(u, 7, Q) = x() 1 f VZ)f(u',b')\If(u', p, &)du' 2o
ket 4T Jor Syt

+— f f 5=y, 7, Q- Q) (u', 7, &")du’ d Q (2)
47 Jor
¥(u, 7, 52) denotes the number of neutrons per unit lethargy per unit solid angle per unit
area at the point specified by the position vector p and flowing in the direction s“z;
Z)t(u ol ) is the total collision probability at lethargy u per unit length at point 7; and
S(u o, ) is the source per unit lethargy per unit solid angle per unit volume in direction
Q at position . The equation represents a neutron conservation law stating that the
total derivative in the direction & of the neutron flux at position p per unit volume per
unit lethargy per unit solid angle equals the number of neutrons introduced in that direc-
tion less the number which are removed by collisions. Positive solutions of the equation
may be obtained for only one value of the multiplication factor k off such that the con-
servation law will hold. The equation is linear in the flux and of first order in the vari-
ables p and £.

Making the multigroup approximation to the continuous lethargy dependence of equa-
tion (1) replaces it by G equations of similar form; one for each of the lethargy
intervals over which the lethargy dependent variables are replaced by suitable averages.
Each equation now receives the subscript g to denote the lethargy group and the equa-
tions to be solved become

- - - A
¥ Q)+ Z Q) = = ... 3
[P0+ TG G0 =S58  g=1,...,G (3)
and
G
A~ - 1 - A A~
sg(p,sz):kﬁ- E qug,(p)[—/ ¥, ,sv)azsz']
eff 4 Joy
g'=1
G
N L[5 @ o ae,E o @)
47 g—g g
Q'
g'=1
where z (p Q‘ ) is the kernel for scattering from the group g' to group g through

the angle cos (Q' . Q)
For two-dimensional r,z cylindrical symmetry, ¥ depends on two spatial
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(a)

coordinates, r and z, and two directional coordinates, £ and ¢, and is an even func-
tion of both ¢ and ¢. In sketch (a), r is the perpendicular distance from the axis of
symmetry, z is the distance parallel to the axis from the reference plane, { is the
cosine of 6, which is the angle between the unit vectors k and Q and ¢ is the a.ngle
in the plane perpendicular to the axis between the unit vector r and the projection of Q.
References 4 and 7 discuss this geometry as well as other geometries.

The directional derivative - V¥ (P.8) in the transport equation (eq. (3)) will now
be derived. Note that £ - V¥ = d¥/ds, where ds is a distance laid off along { and
where

d¥ 2% or 2¥dgp 0¥ 2z
ds or o0s Ood¢@ds 8z 0s

From sketch (a); dr = (sin 6 ds)cos ¢ or

£=sin0cos<p= 1-§2cosqo
s

Also,

-r d¢ = (sin 0 ds)sin ¢

or
dp -sinfsing -VY1-¢g
_2-_- = sincp
ds T r

and



dz = cos 0 ds
or

d_z____ cos 0 = ¢
ds

Also note that dr/ds corresponds to szr, and dz/ds corresponds to QZ.
Making these substitutions yields

2

1 - 0 o
d¥ _ ‘ll_gzcos(pa_‘l’ B ESLE SUPNR L S 4
ds or r oQ 0z

and equation (3) becomes

ov 2 ow ov
‘/ 2 g V1-:& g g  t
1 -£° cos - sing —+§&{—+2 ¥ =8 (5)
: ¢ ar r ¢ 1Y) ‘ 0z ge &

with
‘Pg = \I’g(r’ Z’ g’ (p)

The first three terms of equation (5) are not in the usual form for expressing the
divergence in cylindrical coordinates. This may be remedied by noting that

al(sin Q¥

= (cos @)¥ + sin ¢ o
¢ aQ
and

M:\I]-}-r@
ar or

Using these relations gives

sin ¢ —g—‘—l—' = (cos qo)r:—\ll + A(sin @)¥] (51an Q)Y - cos (p———a(ar\ll)
@ r @ r

and equation (5) becomes




Vi-e2 2ey) V1.2 a[(sin (p)\Ilg] 0%,

t
+ +Z ¥ =8 6
r cos @ or r o ¢ 0z g€ € ©)

which is a suitable conservative form of the transport equation in cylindrical coordinates.

Two basic boundary conditions can be placed on equation (6): reflective and non-
reflective. The axis of the cylinder necessarily has the reflective condition applied. At
the outer radius ry of the system, the nonreflective or zero-return-current boundary
condition is

where ¢ is the angle in the plane perpendicular to the cylindrical axis between the unit
vector r and the projection of Q.

At the upper or lower boundary Zp»

¥(r,z,,§,9)=0

with -1 <& =0 at the upper boundary and 0 < ¢(=<1 at the lower boundary, where ¢ is
the cosine of the angle between the unit vectors k and Q.

For planar reflection, the radial boundary condition is expressed as ¥(r,,z, £, ¢) =
\Il(rb, z, £, 7-¢p) and at the axial boundaries as ¥(r, 2y, &, @) = ¥(r, 2, -£, ¢). The planar
reflective boundary condition for a curved boundary lacks physical meaning because this
condition leaves, for example, \It(rb, z,¢,1/2) =0 for r,z geometry. Another reflec-
tive boundary condition (ref. 5) is an isotropic return condition defined by

/2
[ / 1-£?% (cos @")¥(ry, 2, £, 9")dE" do

/2
/ / Vl-g' cos @' d&' do'

¥(r, ,z, £, ¢) =

NN
A
hS]
IA
)

Mirror and 180° rotational symmetry conditions may be applied to x,y configura-
tions in addition to the boundary conditions expressed previously for r,z geometry,
Mirror symmetry may also be applied to the z-direction of r,z configurations. Mirror
symmetry results in conditions expressed in the same manner as the planar reflective
boundary conditions for the appropriate values of X, y, or z and for the correct range
of ¢ and ¢&.



The 180° rotational symmetry condition may be applied if rotating that portion of a
system below one of its diagonals through 180° about its midpoint results in the same
configuration as that above the diagonal. This condition is defined by

‘I’(Xb-x, 0) g’ ()0) = ‘I’(X, 0’ '5’ "'(P)

where the origin is at the lower left corner of the configuration and its right boundary is
at x,.
b

SOURCE FUNCTION

The scattering source (the second term of eq. (4)) may be represented in terms of
integrals involving two independent functions of the direction Q. Expansions in spheri-
cal harmonics are employed to permit these integrals to be evaluated approximately.
Only the zero and first harmonics of the expansion of P, (®) will be represented.

l(g) represents the Legendre polynomials, and P, M (£) the associated Legendre poly -
nomials,

The following expressions (from ref. 8)

{
P, @) = Py(8) = —1—— L (g2

- g=o0

PN 2(2 -m)! m
Q - —_— > 1- <z
Pl,m( ) €+ m)! Py (¢)cos(me) £=1; 0<m=¢

- 2(2 -m)! _m .
Q) = i Son S A > 1 <
Pl, -m( ) (o m)! P, (&)sin(m¢) £=21; 0<m=¢{¢

where

a - g.".)m/Z qi+m

PRE) = &% -t

can be used to obtain the spherical harmonics
Py @) = Py(e) = 1

10




i
=

Pl, o(ﬁ) = PI(E) =§

Pl,l(fz)= Vl-gzcosgo =Q
P, ()= ‘/1 -2 sing =
1,-1 ¢ y

where

=41 -§2 (cos ¢)i + Y1 -§2 (sin ¢)j + £k
The harmonics have the orthogonality property

20 +1 A any 2=
i /Pl',m?(Q)Pl, m(Q)d Q= 61,’ lam', m

and the addition formula

)
pl(fr - Q)= Z P, @)P, ()

m=-f

The elastic scattering cross section may be expanded as

L
s & _ sf .
Eg,_.g(b’,ﬂ' - Q) = E (2z+1)zg,_.g(p’)1>£(fz' )
£=0
where
=St (b’):i/zs @, - Q)P - 2)a2d
g'-g 47 gr-gv’ [

and where Es,__g(b’, Q- fl) is the kernel for elastic scattering from group g' to group g
through the angle cos '1(52' - ) and the flux may be expanded as

11



L ¢
\Ifg([)’, Q) =Z Z (2£ + 1)fg£m(ﬁ’)pﬂm(s‘z)

=0 m=-¢

where
- @=L [v.@ap, @ddo
gim T 4r gy fm

and where L is equal to infinity, However, for this study, L will be either Oorl.
With these expansions, the elastic scattering source is given by

G
sk, Q) - 1\ [58. (B.9- Q)w @, o)
g 4n | &8 g
g'=1
G L L
- E @ + DEY_ () E Lo gm@Ppn@ (@
g':l £=0 m=-{

where L= 0 for P, scattering and L =1 for P, scattering.

If cross sections for inelastic and n - 2n scattering are available, they may be in-

s0

cluded by adding them to % g'—~ to obtain a total scattering matrix defined by

g

=St @) =328 @)+ @)+ 23,
g'~g?) = Zgg ) +Zgr o) + g'—gP)

The group scattering cross section EZ(}T ) becomes

G

s s0O /= in n-2n,—-
= =
Eg(ﬁ) § 2g-g'(p) T og-g @) + Zg-—g' ®)

g'=1

and the group scattering removal E;(ﬁ ) is similar to Z)Z(p" ), where the sum does not
include g' equal to g.

For cylindrical geometry, \Ilg('ﬁ, Q) is even in ¢. The only an(?z) that is

12




odd in ¢, yielding f{ =0, is P1 _l(fz). Using the definition of f gives

gim gim

1 - PPN
= - Q Q
ty.0,00) = - f 4,6, 9P, (@a*d
or, since

Py o@)=1

-\ 1 il e 2A
fg,0,00) = - f ¥4 e’

This expression is just the integral of the directional flux over all directions, or the
scalar flux. Therefore, make the identification

‘I’g(ﬁ) = fg, 0, O(ﬁ)

For f 1.0 the definition of fg results in

g, fm

—- __];_ — 2 pad 2A
ty1,00) = J 1,6, 0P, (@

or

=— Q Q
fs 1,00 - ¥, @, 0% d
where ¢ = Qz for cylindrical geometry. Therefore,
ng(ﬁ) = fg, 1, 0(5)

and similarly for f the identification

g, 1,1
Jrg(p) = fg, 1, 1@)

results.
Making these substitutions into equation (7) results in the scattering source, for
L=0,

G
5, %) - Z 2% _ B8, (F) ®)
g'=1

47]
n o

13



and, for L=1

S
g'=1
sl = - 2 -
+32°7 )&, )+ VY1 -¢& (cosp)d, (P) (9)
g-g Zg' rg'
and equation (4) becomes
G
- _ Xg f - 1 — A
S0, Q) = — vZ ,(0),.(0) + S, (0, ) (10)
g k g g g
eff g'=1

Equation (9) may be generalized for other geometries by recognizing that &=,

and that ¥1 - §2 cos ¢ = €. Then equation (9) becomes

G
j 1
SLP, @) = Z[ (P2, () + 325 nganq (m] (11)

g'=1 q

for each direction q of the coordinate system.
The source Sg(f)', Q)may also be written in a form that separates contributions to the
source from within the group and from other groups. To do this, let

3
— f -~
F() —Z VEg.(p)@gv(ﬁ)
g'=1
G
Tt<5)=z =t @) @)
g g'-g” g
pee] - (12)
g'tg
G
1=~ 2oy _ sl ,—
11,9 - sZ zg._gmz Iq,®
g'=1 a
g'ée J

14




Then

S (b’s‘z)—x—g F@E) +TL@) + TG, @) + =% Gle @) +32% @) ) eI @) (13)
g’ "keﬁ g g’ g-g" "¢ g-8 99,
q

In many problems, anisotropic scattering is adequately taken into account by either
the diagonal or the full transport approximation. For either of these approximations,
anisotropic scattering is accounted for by an appropriate modification of the cross sec-
tions, and on the use of these modified values, the scattering is treated as if it were
isotropic:

- _ﬁ e t = st (= -
S,() k. FE) + T,() + 25 (5)2,() (14)

The transport approximation may be regarded as replacing an anisotropic scattering
distribution with an isotropic component and a &-function forward scattering component.
In the diagonal transport approximation (ref. 9), st s replaced by (Et - ZSI) , and
Z;St is replaced by <ESt - ESI), where & & d

g~g g-g g
G
sl _ sl
Zg = E ,Eg-g'

g'=1

and zg is defined to be =t - 221.
A second method (ref. 2g) of developing the transport approximation is to use Ztr as
defined by a cross-section program to replace 2;. Then Z t is replaced by

tr a «r g
DIRED Dha i h
g g - Zg Where

T _ s0 in z;n-—2n
g 2:1 (Eg-g' *Igg * Zgog
g'=
g'#g

where Z? is the cross section for neutron absorption including absorptions that result

in fission. Under these circumstances, Egi e may become negative.

15



For an adjoint problem (refs. 7 and 10), the source is developed differently result-
ing in

-~ — *-. *-»" * —
*@, &) = vl F* @) + 1 =St @E)e*@)+325L B)) eJ
50,8 =VIFG) + 17 6) + L 6,0) + L 0)010) + 335L,5) ) o, B)
a

(15)

where

9]

g8
g' =1 > (1 6)

(ﬁ) = Z ESt v(ﬁ.)q’;r(f-‘;)

g'#g

SPATIAL MESH AND DIRECTIONAL SEGMENTATION

The transport equation, as given for cylindrical symmetry by equation (6), can be
solved by performing integrations over the direction variable € such as those involved
in the source function (eq. (4)). In obtaining numerical solutions, these integrations may
be performed by means of mechanical quadrature in which the continuous variable Q is
represented by a set of discrete directions. The conversion of the transport equation into
difference form also requires that the space coordinates represented by the continuous
variable § be divided into a set of intervals.

For the space dimensions, the division is arbitrary, and for the r,z cylindrical
geometry, a set of r; is used to divide r into I intervals and a set of Zy to divide z

16




into K intervals. An i,k mesh results over the volume of the cylinder. In general,
the mesh intervals are selected so that the surfaces of the resulting mesh cells coincide
as much as possible with the natural bounding surfaces of the configuration being repre-
sented. All the mesh cells are considered to be uniform in material and free of any
internal boundaries. The radial and axial bounding areas of the mesh cells are given by

Aik = 21rri Azk and Cik =7 <r12+1 - rf) and the volume of the mesh cell by

Vik = w(ri2+1 - rf) Azk.

For the direction variables £ and ¢, a two-dimensional partition of the surface of
a unit sphere centered at each mesh cell is required. Since ¥ and S are both even
functions of ¢, it is only necessary to consider the range of ¢ from zero to 7. The
directional variable £ is also even and, if no z variation exists, £ can be considered
only for the range from zero to 1 and only the first quadrant of the unit sphere needs to
be used. Even with z variation, the section of the unit sphere with £ between -1 and
zero will have the same form of mechanical quadrature as the first quadrant, so that only
the first quadrant needs to be considered in devising the quadrature scheme. In the past,
a system of Gaussian quadrature (refs. 4 and 5) or a moment modified quadrature system
(ref. 3) has been used. More recently projection-invariant quadrature sets have been
proposed (refs. 4 and 7).

Whatever quadrature system is to be used, certain relations should be required.

The most important of these are

LATE (17a)
m, ¢
Wi gSmg = 0 (17b)
m, {
2 _1
Wmlﬂml T3 (17c)
m,{

In some quadrature sets (i. e., the Double-P method and the projection-invariant Set B,
ref. 4), the first moment relation

1
Zwmﬂlamll - E (17d)

m,{

17



also holds. Except for equation (17b), these are all forms of a general condition

q _ 1
Zwmﬁmmﬂl g+l

m, {

where ¢ is the order of the moment.

In the moment modified sets, the first quadrant of the unit sphere (and others if re-
quired) is divided into n/2 bands of latitude by arcs of latitude of constant cosine §&.
These arcs are defined by dividing the continuous variable £ into a set of £ m These
bands are determined so that the areas of the bands, as & decreases, are
na, (n -2a, ..., 4a, 2a. The sum of these areas must be , the area of the first
quadrant, or

n/2
E 2ma=1
m=
where
n/2
E 2ma = E<n+2>a
2 2
m=1

Thus, a =47/n(n +2). Each band is now divided by arcs of longitude (¢ constant) into
sections of area a with the bands partitioned into L=n, n -2, . . ., 4, 2 sections.
Here, the continuous variable ¢ is divided into a set of boundaries ¢  , so that

= =7, and =0
Pm, 0™ Pm,1/27 3 3¢ Py 17

as shown in sketch (b) for n = 6.

With each area is associated an average value
g of £ and ¢ _, of ¢. The average direction
(Em, [ 1) is chosen so that condition (17¢) holds
(ref. 3). In the quadrature system being con-
sidered, this direction is obtained by defining qT)m 0
to be the simple average
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Pme t (pm, 1-1
2

and with equal weights Ying (representing the areas), while Em can be defined by

]{2

— 1 n“ +2n

E =—(¢t_  +¢ ) m=1 2, ...

m -1 y 4y ’
2 m m Vn2+2n-2

n
2

and
Em"'zn-m+1 m==+L...,n
where
£ _4m(m +1) -0 n
m n(n + 2) ’ > 2
and
Em = “bnem m=12-’-+1,. , n

Projection-invariant quadratures attempt to perform the quadrature subject to sym -
metry requirements on the discrete directions dividing the surface of the unit sphere.
The symmetry requirements are rotational invariance about the midpoint of an octant of the
the unit sphere and reflection invariance about the spherical arcs connecting the midpoint
of the octant and its vertices. With these re-
quirements satisfied, the results of integrations
over Q no longer depend on the orientation of
0 the unit sphere with respect to the space axes as
they do for the moment modified quadrature.

If the areas to be associated with the discrete
directions to obtain the weighting factors Wing
are laid out on the unit sphere and are made sub-
ject to the invariance requirements, a diagram
for an octant such as sketch (c) for n=6 re-

() sults.
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This figure is representative of the Set A
quadrature of reference 4. The Set B quad-
rature of reference 4 is obtained from the
Set A quadrature for n + 2 by removing the
corner directions. After n =4, the total
number of directions for Set B will be more
than that for the corresponding Set A quad-
rature. Sketch (d) represents an octant for
n=6 of Set B quadrature. (For a further

@ discussion of projection-invarant methods

see refs. 4 and 7.) Appendix B lists these

types of quadrature sets for a number of Sn orders.

TRANSPORT DIFFERENCE EQUATION FOR r,z GEOMETRY

Equation (6) can be put into difference form, as is done in reference 7, or another
neutron conservation equation for the mesh cell i,k and quadrature segment m, f can
be developed (refs. 4 and 10). The first term of equation (6) represents the loss of neu-
trons per unit volume in the r-direction from a differential spatial-directional element.
The second term represents a similar loss in the ¢ -direction and the third represents a
loss in the z-direction. Thus, the first term, following the procedure of references 4
and 10, may be written in difference form as

(Ai+1, kwg, i+l,k,m, £ ~ Aik‘pg, i,k,m, f)

m ¢ Vik

wmiﬂr

which represents the net flow per unit volume out of the mesh cell i,k through the radial
surfaces. In this term, Wy is the solid angle of the quadrature segment about the

’

discrete direction m, ¢, Qr is the direction cosine of the angle between direction

m
m, ¢ and the radial direction yielding the component of the directional flux normal to the
radial surfaces, A, +1,k and A, are the surface areas at (ri +1’Ek) and (ri, 'z_k), and
z[/g’ i+1,E,m, T and ¥ i,k m, 2 represent the average directional flux over these sur-
faces.

The third term is similar for the z-direction and becomes
C.

(S, 101¥, Tiot, 0,7~ Co¥e, Tk, 1, 7)

Z
mi Vik

Q

¥me
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representing the net flow per unit volume out of the mesh cell through the axial surfaces.

The second term of equation (6) represents the angular redistribution of neutrens
since it corresponds to the loss per unit volume in the ¢-direction from the quadrature
segment but not a loss from the mesh cell. In difference form this term may be written
as

YtV T,E,m, 8 " %m, -1, 1%, m, £-1

Vik

where ¥ g,_i_, E, x—n, ) and g,—i-, k_, —xﬁ, 0-1 represent average fluxes for the quadrature seg-
ment boundaries of direction m, £. The quantities a_, and @m,g-1 are to be deter-
mined so that the net angular redistribution in the ¢-direction for any m will be zero.

Making these substitutions into equation (6) and multiplying through by Vik result in
the transport difference equation:

w2

m4e rml(Ai+1,k"P i+, k,m, 1 ~ Aikd’g, i, E,-n'x,'f)

* (amlw ’T’-E’ Hl’ ‘Q - am’ l -lwg,Y"E, a; l "1) + Wmf.ﬂzml(ci, k+1¢g,T, k+1,.1-i, I
t = — — —1
- Cik‘pg,'i', k,m, I) + wmlzg, i, k¥ikY, ,LKk,m, 2 wmgsg, Lk, m, Vik (18)

The « me coefficients must now be evaluated. Because of the cylindrical symmetry,
the range of ¢ to be considered is from zero to 7 and there cannot be angular redistri-
bution to values of ¢ outside this range. Therefore, the first and last values of «
must be zero, imposing the conditions

mf

®m,0= "m, L~ 0
Another condition can be determined by examining a configuration that results in con-
stant directional flux. For such a configuration, the net flow will be zero, or from equa-
tion (18),
w 1&2

m

r (Ai+1,k - Aik) + (am! - am,!-l) + Wml‘szl(Ci, k+l ~ Cik) =0

mi

For cylindrical geometry Ci kel = Cik and the third term is zero. This agrees with
equation (6) since it indicates no angular redistribution in the £-direction.
The conditions on o thus reduce to
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0!m,0= am,L=0

(19)
“me " %m,0-1° VoS (A1+1 k Alk)
mé
Another expression for ®,g can be found by noting that with
am, 0= 0
and
%m,1= "W, lﬂrm (A1+1 k Alk)
= =Y Q Q A - A
%m, 2 <Vm,2 T, 2 *Wm,1 T, 1>( i+1,k ~ Ak
Substituting U 2 and @1 into (19) gives
“m,3= - (wm, 3Qrm, 3 * W, ZQrm’ 9 * WV, lﬂrm, 1> (A1+1 k A1k)
or, in general,
a_,=-(w_,0Q +w Q ... +w, 49 (A, -A.) (20)
mé < mi T m, ¢-1 rm,l-l m,1 rm’1> i+l, k ik

The equations represented by (18) (one equation for each mesh cell i,k and discrete

direction m, £ and group g) do not couple different values of Qz , while the energy
mé
groups are coupled only through the source term. This system of equations can be

solved by putting equation (18) into the form of a recursion relation, and the fluxes are
calculated in turn. A complete set of fluxes can be obtained by starting the procedure at
each geometric boundary and applying the recursion relation until the opposite boundary
is reached. In carrying out this procedure, only those fluxes with directional components
in the direction in which the recursion relation is being applied are obtained. The pro-
cedure must be initialized with respect to direction in addition to the initialization at the
boundaries. For this, the direction P 0= 7 is used for which o,
in the procedure being started at the outer radial boundary.

This procedure can be applied by putting the recursion relation into a form in which
one unknown value of the flux can be determined from a set of previously calculated
values. Thus, the number of unknowns in equation (18) must be reduced by three. One
of two different methods is usually used. One method is known as the ''step model"’

0= 0 and results

’
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(or step-function method) and the other as the "‘diamond model'* (or line-segment method).
In the step model, the average flux z[zg, LK, m,1 for the mesh cell and quadrature segment
is assumed to apply also at the mesh and quadrature boundaries yet to be reached in the re-
cursion sweep. Thus, for a sweepfrom i to i +1 and k to k +1 the condition becomes

Ve, ik,m, 1" Yg, i+, E,m, 2= Y, Lkel, m, 7= Y, 1%, m, ¢

For the diamond model, the average flux is assumed to be the average of the opposite
boundary values or

1
_(‘Pg,l k+l,m, ¢ wg,1 k, m, 7

N

1
- 5 (wg’Y7T{7 r—n, £ + wg’ i—;E’ I_n, 1-1) (21)

The diamond model is used in TDSN since it generally leads to accurate results.
Using the diamond model for a recursion sweepfrom i to i +1 and from k to
k +1 equation (18) becomes

Wmlﬂrm . [Ai+1,k(2‘l’g,?,§, m, T ¥,k m,?

he |
]
gq%
el
g1
Y
N
S
R
B
res
]
3
@
R
»
Bl
=Y
L

“Ap¥e ik, m 1] ¥ Tk, m,

2Wm!lﬂrmlAHl, kwg,_i,i, ;1, [ wmlgrml(AiH, k7t Aik)“t/g, i,k,m,{
+20 e Tk,m, 2" Pme * ¥m, -0, Tk, m, 2-1
+ Wmlnzml(ci, k+1 t Cik)‘pg,_i_,i, 1;1, - Wmlnzm!l(ci, k+1 * Cik)‘pg,T, k, 1—;1, ]
+Win g% 1 kViVe T, m, 1= VmsSe, LK, m, 1Vik
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since Ci kil = Cik‘
A symmetrical relation for the first four terms similar to that of the fifth and sixth
terms can be obtained when equation (19) is used in the form

A Q A

w._Q : =« -0+ W :
mf T i+l,k m, (-1 "mf mer ik

to substitute for LA lgr Ai . 0 the first term. Further symmetry can be obtained
by noting that m{ ’

Ai+1, Kkt A= 21r(ri_l_1 + ri)Azk
Ci, k1 + Cii = 27(r;, +1))A1,
and

A =27 Ari Az

i+1,k " Ak K

for cylindrical geometry. Thus, if the definition

Xme t am, -17° Wmlyml(Ai+1,k - Aik) (22)

is used, the first six terms will have the same form.
To determine Ym g’ subtract 2a 1 from both sides of equation (22) and use (19)

m, {

to obtain
“me " %m,e-17 " szgrml(Am,k " A = W P me @ik T Ai) T 2%, 00
or
Vi e"m oAl k " Ad T 2%y goq - wmﬁﬂrmﬂ(AHl,k - Ay
For £=1,
am, 2-1" 0

and

Y = -0

m, 1 rm, 1
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For ¢ =2 and using (20) to substitute for a

, -1
w Y = -w Q -w Q -w Q
m,2"m,2 m, 2 rm,2 m, 1 rm’1 m,1 rm’1
and since y = -8
m,1 rm’ 1
w Y -w Y = - (w Q +w Q )
m,2'm, 2 m,1'm,1 m, 2 rm’2 m,1 rm’1
Continuing for ¢ >2, the relation
v = -0
m,1 rm, 1
(23)
W .Y W o 17 _=—(w Q +w Q ) 2>1
m,{'m,{ m,£-1"m, ¢-1 m{ Tne m,¢-1 rm’!_l
can be obtained.
Solving for wg,_i,T{, m, 1 gives the difference equation as
i [nrm!(Aiu,k AV, i km, T Tme Bk T Aa¥e, Tk m, 01+ %2, ket * Cad¥e T m, T Sg,i’,k_,a,?’sk] (24)

Ye.ikm,1 o ezt v
[nrml(Ai+1,k+Aik)+7ml(Ai+l,k A 8 Cxan+Cad * T ik ik]

Equation (24) is the recursion relation for a sweep from i to i +1 and from k to
k + 1. Similar results for the other three possible sweep directions are obtained if
‘pg, i%,m, T °F xpg’i k,m,f 2Te replaced in equation (18) with i+l E,m, T °F
\Ug’i k+l,m, P which then appear in an equation similar to (24). If the absolute values
of the direction cosines are used, the same recursion relation may be used for all four
possible sweep directions. Similar recursion relations may also be obtained for other
geometries (see refs. 4 and 7).

Another equation is required to obtain the initialization at the quadrature boundaries.
This equation is obtained from an £ =0 sweep for which Ym,0 = 0 and
Q. = -"E - ng o Equation (24) is used to obtain an average flux over mesh cell

m,0 ,
i,k for the discrete direction m, £. Values to be used in the same manner for successive

mesh cells and directions are then computed by using equation (21) with
Wg,?,_li, m, o= wg,T,Tt, m, T for the quadrature initialization sweep.

The diamond model used to obtain equation (24) can result in negative values being
computed for use in the next mesh cell or direction segment, and this possibility must be

25



accounted for in the difference equation solution procedure (see page 27 and ref. 10).

The scalar flux q’gik can be obtained by integrating wg,—i,i, m, over the direc-
tions m and { or
Doik = § WmYe Tk, m, 1 (25a)
m, ¢
while the currents are
J _ w_ V. TT o7 (25Db)
rg1k" m{ e g,i,k,m,¢
m, {
and
J = Q TT o 7
Zgik £ lwml zml‘pg, i,k,m,¢ (25¢)

DIFFERENCE EQUATION SOLUTION PROCEDURE

The difference equations are solved by carrying out iterations on the flux until con-
vergence has been obtained. The iterations are performed by assuming a source for a
sweep through the recursion relations involved in solving the S n equations. If the
source is unchanged by the sweep, it is considered to be converged. By unchanged, one
means that the new source and the old source are within a specified small number of
being identical. The actual values to be compared can be the integrated source over all
the mesh intervals, the integrated source over a given set of mesh intervals, or the new
and old source can be compared at each mesh interval.

In the solution, the iterations performed are of two types. These are variously
known as outer, major, or power iterations and inner, minor, or group iterations. The
source is treated as inhomogeneous, and a portion of it is fixed for each power iteration.
The fixed portion of the source is taken to be the fission source. The fixed source is
normalized to a constant ''power level'' at the beginning of each power iteration,

The up- and down-scattering into a given group g may also be considered part of
the fixed source for this group. Then, for the group g, the fixed source becomes, from
equation (13),
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X
—5F+T;+T;
keff

with similar results from equation (14) for transport approximation problems and
vl p* ottt
g g g

from equation (15) for adjoint problems.

To this group fixed source is added the portion of the source for which a new value is
obtained for each group iteration. This source results from scattering within the group
and becomes

st sl
@ +33 E Q
ZggPg t 3% g qug

q

from equation (13), with similar results from equations (14) and (15).

The total source for the group iteration is then used for the sweep through the re-
cursion relations of the Sn method to obtain an improved estimate of the scalar flux and,
in turn, of the within-group-scattering portion of the source.

During the sweep through the recursion relations, negative values of the angular
flux at mesh-cell and quadrature boundaries may be obtained because of the lack of a
significant source, or because of a rapidly varying flux, or because of the lack of con-
vergence of the source. Usually, these conditions may be remedied by rerunning the
problem by the use of a finer spatial and, perhaps, angular mesh. However, when these
negative values occur during the course of a computation, they can be handled in a num -
ber of ways. Two possibilities are allowing the negative values to remain in hopes that
they will cease to occur as the source converges and recalculating the angular flux by the
step model in which the possibility of a negative flux does not occur (unless the total
group source is negative due to a large negative transport corrected Esi or P1 scat-
tering term). The TDSN program replaces a negative angular flux with zero. If the
negative values continue to be obtained, a pseudosource and an erroneous gain of neutrons
to the system result. In obtaining the new flux estimates, a second or ''reflection’
sweep through the recursion relations may be required for reflective outer boundary
problems to correct for nonzero boundary currents. The combination of the two sweeps
is then known as the group iteration.

In addition to an estimate of the source, the boundary angular fluxes are required at
boundaries where recursion sweeps begin before the sweep can be started. Zero inward
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current conditions require only that the angular flux be set to zero for the inward directed
angles. Reflective boundary conditions, however, imply an inward source of neutrons at
the boundary that must be obtained from an estimate of the inward angular fluxes. The
estimate of these angular fluxes must also be improved, along with that of the scalar

flux, as the group iterations are continued.

If, after the sweep through the recursion relations has been completed, the neutron
flow across the reflective boundary is not sufficiently close to zero, the reflective sweep
may be performed as a correction. For this sweep, the last estimate of the boundary
angular fluxes is used without any other source terms to compute a correction flux. The
fluxes and flows from this sweep are then combined with those of the regular sweep so
that the flow across the reflective boundary will be zero.

The group iterations can then be continued until the within-group-scattering portion
of the source ceases to change significantly, that is, until it is converged. The number
of group iterations required for convergence may be decreased by the application of dif-
ferent acceleration techniques discussed in the next section.

After the final estimate of the scalar flux has been obtained for a group iteration,
certain convergence tests are applied. These include tests on the change in the within-
group-scattering source and the change in the collision removal that resulted from the
iteration. Other tests may be on point or region changes in the source or loss. These
tests are described in more detail in the next section. Since the solution should always
satisfy neutron conservation from the nature of the transport difference equations, neu-
tron balance cannot be used as a convergence test.

When the tests are satisfied for a given group, the same procedure is followed for
the remaining groups. The scattering source into these groups is always based on the
latest estimate of the fluxes for the other groups, but the fission source is updated only
at the end of the power iteration. Acceleration techniques may also be applied to the
power iterations and are discussed in the next section.

After the group iterations have been performed in the last group and any power itera-
tion acceleration has been applied, the fission source is renormalized by first computing
the production rate

G
P _ ->- f
Fik = Vzgikq)gik
g=1

as in equation (12). Then the growth factor for production is obtained by the ratio
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The estimate of the multiplication factor k off resulting from the Pth iteration is then
given by kfﬁ = )\szﬁl Using this new value of k off yields a normalized total fission
source equal to the fixed power level.

For homogeneous problems, a nonvanishing solution only exists for certain unique
values of keff’ and for only one of these values, corresponding to the fundamental mode,
will the fluxes be everywhere positive. The latest estimate of keff is used to obtain the
fixed source estimate of the following power iteration. The power iterations are repeated
until AP converges to 1 (indicating no change in the fission source for the iteration).

Several tests are applied to determine the convergence of AP. Among these can be
a test on the closeness of )\P to 1, a test on the rate of change of A, and a test on the
closeness of the group sum of the scattering source to the group sum of the scattering
loss if the source does not contain extra neutrons from n - 2n scattering reactions. A
test on the change in the up-scattering source resulting from the power iteration may also

be applied.

ACCELERATION AND TESTS OF CONVERGENCE

In this section, the application of scaling and overrelaxation techniques to accelerate
the convergence of the inner and outer iterations is discussed along with the convergence
tests applied by the TDSN program.

In the past, the only form of acceleration used has been the scaling factor applied to
retain conservation of neutrons. Carlson discusses this use of scaling in reference 4
and in the remarks following reference 2. The scaling factor f_ is an integral quantity
being determined from the summation of the changes that result in the within-group-
scattering source because of a group iteration and is written as

E X F., +Tt. \V.
ik ¥ lgik | Vik
keff &

ik (26)

B X t st new .old
g - .
E & Fy + Tog \Vik § =2 (T - @0 | vy
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where V., is the volume of the mesh cell i,k. The flux estimate @’;ﬁ{w, as well as

the currents and angular boundary fluxes, resulting from a group iteration, are ac-
celerated when multiplied by this scaling factor since it further changes the estimate in
the same direction as the recursion sweep did on an integral basis. The effectiveness of
this scaling factor may be negligible after a number of inner iterations. As convergence
proceeds, the scaling factor quickly approaches 1 because increases in the within-group-
scattering source in one region can be offset by decreases in another region with the
overall flux level remaining almost constant. Thus no acceleration results.

Further acceleration may be achieved through point-wise techniques that will sig-
nificantly speed up the convergence process. The method used is ''overrelaxation'

(ref. 11) for iterations in which a specified degree of convergence has been attained.
Overrelaxation uses the fluxes before and after an iteration. The accelerated flux esti-
mate is then used in determinihg the integrated scaling factor. After partial flux con-
vergence has been attained a more optimum acceleration parameter may be calculated
by the method of Wachspress described in reference 12.

When point-wise extrapolations of the fluxes are used, other point-wise quantities
such as the boundary angular fluxes and currents will need to be corrected. The manner
by which the correction factor for the overrelaxation is obtained is illustrated as follows.
The extrapolated flux <I>§ik for mesh interval i,k is given by

q);ik = wq)pgik -(w - l)ng)i-l: 27)
where p is the present inner iteration. After the extrapolation is performed <I>p

will no longer be available to the program having been d1sp1aced by 2° ik In computmg
the scaling factor fg q’gik will become @2 ik and <I>p will become Qgiﬁ. Angular
fluxes and currents must also be extrapolated to correspond to the extrapolated scalar
fluxes. For the angular boundary flux, the scalar fluxes at the midpoint of the corre-
sponding mesh interval will be used in the computation of the extrapolation factor. This

factor is Eik = Qgik / d>glk Since lek is no longer available, it must be obtained

from the relation <I>p [q’gik + (w - 1)(1’51-1:]/“" With {

S
q’gik the scaled flux

g being the scaling factor and

e p-1

O+ (w-1)D
oS =@ -fE o -fE. -8K gik
gik ~ "ggik ~ "g ik gik T "g ik w

and
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wd’e.
= gik
Ei =

e -1
: - 1)@
Dok + (@ - DBy
Using Eik gives the scaled extrapolated currents as

3 =fE. JP
rgik g1krg_lk

and

¥ =tE.,JP
zgik g lkzgik

and similarly the angular boundary fluxes.

The best value of the accelerationfactor w is usually not known (ref. 13). There-
fore, estimates of w must be made by some means (such as previous experience with
similar problems) while being careful not to overestimate the amount of acceleration that
can be used for a given problem. Otherwise instabilities may be introduced into the flux
iterations. The overrelaxation factor should be chosen smaller for less converged prob-
lems than for more converged problems. This factor is also dependent on the reactor
system under study. As the rate of convergence decreases and as the problem becomes
more converged, the acceleration may be increased. A method for performing this
operation is that of Wachspress as described in reference 12, In this method, new ac-
celeration factors P’ 1 are computed as convergence proceeds that depend on the origi-
nal factors W and the rate of flux convergence so that

Pl 2 (28)
1+ v1- az
where
02 + ((1)0 -1)
Q=
owy
and
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Two types of acceleration may be applied to the outer iterations. One of these is
overrelaxation while the other is up-scattering scaling. Overrelaxation of the scalar
flux is applied immediately after the inner iterations in a given lethargy group have been
completed. The extrapolated flux is given by (Dgik = wcbgik -(w - 1)<I>§ﬂ;1. This group
flux is used immediately for computing the down-scattering source but updating the fis -
sion source is deferred to the end of the outer iteration. Acceleration of the fission
source after each outer iteration occurs through the use of the extrapolated fluxes. The
currents and angular boundary fluxes must also be accelerated as in the inner iterations
for a group. The acceleration parameter w used will usually be less than that used for
the inner iterations as the outer iterations constitute a larger, less converged problem
than do the inner iterations.

Since the scattering source into a group is based on the latest flux estimates of the
group in which the scattering occurs, a down-scattering source (neutrons from energy
degrading scattering) will also be updated in a given outer iteration before it is used.
However, an up-scattering source in which the scattered neutrons have a greater energy
than before the scattering collision will not be updated during the outer iteration. A slow
rate of convergence results that increases the number of outer iterations required. Scal-
ing those groups that up-scatter to obtain a better estimate of the up-scattering source
for the next outer iteration improves the convergence rate. The up-scattering scale
factor %P is applied in the same manner as the within-group-scattering scaling of the
inner iterations and is written as

up _ g=1 i,k 29
f S G (29)
X
g up/ ~new old
E , off TikVik " § Zg <‘I’g1k ‘I’glk>V1k
g‘-':l i,k g:]_ i,k

where ZYP igs the total up-séattering removal cross section for group g, and Qg}ﬁ and

@Iglief refer to the fluxes before and after the outer iteration.
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The preceding discussion considers general methods for accelerating the convergence
of the inner and outer iterations. However, the problem of determining when the con-
vergence is satisfactory remains. Two aspects of the problem are to devise general
criteria to be applied by the program and to list various quantities in the program output
by which the user can make a judgment about the degree of convergence. The latter
quantities are described in notes [10] and [11] of the section Program Operation in ap-
pendix A.

In the TDSN program, convergence of the group source or flux is indicated by the
program if the following conditions are satisfied. First, the mesh interval for which the
largest change in the within-group-scattering source occurred as a result of an inner
iteration is determined. Then the ratio of this change to the total integrated group flux
is found. This ratio 61 is the first quantity that must satisfy a convergence test and is
written as

6y = (30)

Second, two integrated quantities are determined. One of these quantities 0y is the
ratio of the integrated change in the within-group-scattering source occuring as a result
of an inner iteration to the total integrated group flux:

st -1
Z Tg-g (‘Pg ) q’pgik>vik
5y = LK (31)

Z @Pgikvﬂ(

ik

The other is the ratio of the integrated change in the total group removal to the integrated

group flux:

t st -1
e ~23%e) P -
i,k
63 = (32)

Z @Pgikvik

ik
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Both 69 and &5 must satisfy a convergence test. Third, if any of the outer boundaries
are reflective, the leakage across the boundary must satisfy a test.

Convergence of the outer iterations is indicated by the program if the following con-
ditions to be tested after each outer iteration are satisfied. First, all the group fluxes
must be converged as determined by the preceding tests. This is an important criterion
since the group iterations are stopped after a specified number of inner iterations in a
given group. Thus, the group flux may not be well converged, and if the group has only
a small effect on the eigenvalue, the tests on the eigenvalue may terminate the problem.
Thus, unconverged fluxes could be included in the output for some groups if this test was
not included. Second, the final growth factor AP must not differ from 1 or its previous

value AP-1 by more than some specified amount e:

= 2P -1] <e and 55= 2P APl (33)

Third, the change 0§, in the total integrated scattering loss from one iteration to the next,
as given by the ratio

r zP-1
> syetitn,

8 = g=1 i,k <e (34)
r P
§ E Zoik PaikVik
g=1 i,k
must satisfy a convergence test. For some problems, for which there is no Eg 1k2n the

scattering loss must match the scattering source. Also, if up-scattering scaling is used,
the ratio &, of the total integrated change in the up-scattering source as summed over
all groups to the total integrated flux must be small:

§ § P-1
E g1k q’glk Vlk
gl i kG <e (35)
-S- g P
‘pgikv'
g=1 ik
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DISCUSSION OF SAMPLE PROBLEMS

Problems have been selected to illustrate various features of the TDSN program.
Accuracy was tested by comparing results for homogeneous problems with those of refer-
ence 2. The effect of increasing the order of quadrature n is illustrated by the change
in the flux shape with the change in S  for a sample problem. The effect of the accelera-
tion procedures in TDSN is illustrated by other sample problems.

Carlson and Bell (ref. 2) examine the accuracy of the Sn method by comparing S n
results for a range of test problems with the results obtained by other methods. For the
purpose of testing the TDSN program, results for the critical dimension R for uniform
spheres, plane slabs, and cylinders without reflectors were obtained for two values of c,
where

f ]
v o+ 2
c=\_8 B
t
)
g

Three groups were used with 816 moment modified quadrature and 32 intervals. The
values of ¢ chosen were 1.1 and 1.6, The cross sections for ¢ =1.1 are given in
table I. Those for ¢ =1.6 used vt of 0.6. Table II gives the percent derivation 6 of
the TDSN results from the exact values quoted by Carlson and Bell.

Also included in the table are results for plane slabs using the quadrature necessary
for the cylindrical problems. This quadrature is the same one that would be used with
two-dimensional problems, and, as the table shows, it has little effect on the plane-
geometry problems. The percent deviations 6 for the three-group problems using the
correct quadratures are comparable with those given by Carlson and Bell for one group
problems in table 5 of reference 2.

Figure 1 shows the scalar flux as a function of radius for a one-group cylindrical -
cell problem with five different material regions. A flat fixed source guess was used in
the outer region, while the cross sections correspond to the thermal cross sections of a
sample physical problem. The boundary condition at the outer radius was the isotropic
return condition. The problem was computed by using moment modified quadratures of
Sg, 84, Sg, Sig and Sgo. The flux shapes for S,, 8,, and S5, are illustrated, while
the SB and 816 results were nearly identical with the S32 result. The S4 result fol -
lows S32 quite closely, while 82 deviates from 832 in the smaller, scattering re-
gions.

Three different examples will be used to illustrate the effect of accelerating techni-
ques on the number of iterations required for convergence. The first illustrates the ef-
fect of overrelaxation of the inner and outer iteration fluxes on a small one-dimensional
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Figure 1. - Relative scalar flux as function of radius for one-group cylindrical-cell problem,

reflected thermal-reactor problem. The second shows the effect of overrelaxation on a
two-~dimensional problem, and the third shows the effect of up-scattering scaling on a
multithermal -group problem,

To show the effect of overrelaxation, a one-dimensional problem with three regions
consisting of a cylindrical fueled core, thin aluminum wall, and water reflector was
chosen with 25 mesh intervals, S, quadrature and two fast groups and one thermal
group. This problem was chosen as representative of thermal problems that are usually
more difficult to converge than fast-reactor problems. Overrelaxation was first applied
only to the fluxes of the inner iterations. The results are given by curve A of figure 2.
The curve is able to extend beyond w =2 because TDSN only applies the inner iteration
acceleration factor where a certain degree of convergence is maintained. Curves C and D
are the result of also applying overrelaxation to the outer iteration fluxes with the value
of w for the inner iterations held fixed.

Curve B is the result of first applying the given overrelaxation factor to the inner
iterations as soon as the degree of convergence required is attained and then computing
a new group dependent overrelaxation factor by the method of Wachspress (ref. 12) and
applying it as soon as a second degree of convergence is attained.

The number of iterations required for convergence of the fluxes, shown as curve A,
had a minimum of approximately 56 percent of those required for the unaccelerated prob-
lem corresponding to point I. For those cases involving overrelaxation of both the inner
and outer iteration fluxes the minimum was approximately 36 percent of the value shown
as point 1.

The effect of overrelaxaticn on a two-dimensional problem was obtained by running
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Figure 2. - Number of inner iterations as function of acceleration parameter. Thermal reactor with three
groups and three regions.

two similar problems made up of three radial regions consisting of a cylindrical fueled
core, thin aluminum wall, and water reflector, and reflected axially about the midplane.
Each problem contained 33 radial and nine axial mesh intervals with S 4 quadrature and
four fast groups and one thermal group. The first problem was calculated by using w
as 1 for both the inner and outer iterations, that is, the unaccelerated case. The second
problem was calculated by using the method of Wachspress. The number of iterations
required for convergence of the fluxes for the accelerated case was approximately 67 per-
cent of those required for the unaccelerated case.

The effect of up-scattering scaling on a multithermal group problem is illustrated by
a 15-group one -dimensional cylindrical -cell problem with 10 groups that up-scatter. The
inner structure of the cell contains rings of fissionable material and absorbing material
separated by void spaces. One hundred mesh intervals were used to represent the cell,
and an overrelaxation factor of 1.3 was applied to the inner iterations. Without up-
scattering scaling, 3325 inner iterations and 49 outer iterations were required. Using
the scaling required 915 inner iterations and 11 outer iterations. The problems that
used up-scattering scaling converged in less than one-third of the time required without
it. Full-core-radial problems involving flux-weighted cross sections from the cell prob-
lems converged in about one-half the time if up-scattering scaling was applied.

CONCLUDING REMARKS

The most important feature of the TDSN program is the convergence acceleration
achieved from overrelaxation and scaling. Additional savings can accrue by testing group
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convergence to prevent some groups from being converged to a much greater extent than
others.

Sample problems have shown that accelerated problems can converge with about two-
thirds the inner iterations of a nonaccelerated problem with only overrelaxation of the
inner iterations and with less than half of the inner iterations of a nonconverged one-
dimensional problem by using overrelaxation of both the inner and outer iterations. The
effect of up-scattering scaling on multithermal group problems can also reduce the time
required for convergence to less than one-half of that required without it.

Another important feature of the TDSN program permits a problem to be ended after
a given number of inner iterations or a given elapsed time. Any output desired may then
be obtained no matter what stage of convergence has been reached and a restart binary
card dump is punched if requested. If it can be determined that the problem is sufficiently
converged, all the output is available and, if not, the problem can be restarted with the
restart dump. At restart, the convergence and acceleration parameters and output
options desired may be changed.

Details of the TDSN program are given in the appendixes. Appendix A gives the in-
put instructions, output description, and notes on program operations. Appendix B lists
portions of the Set A and Set B quadrature tables of reference 2 in the format required
for TDSN. Appendix C lists the names of program decks required by TDSN along with
their programming language and a brief statement of their purpose. Appendix D is a
listing of the program decks, and appendix E presents the input and output of a sample
problem.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, May 2, 1966,
122-28-03-05-22,
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APPENDIX A

TDSN OPERATING INSTRUCTIONS

Discussion of Input

The numbers in brackets in the remarks column designate notes in the section
Program Operation that may be of value to the program user. Each Roman numerical re-
fers to a new card or to a new subscripted variable that may require one or more cards.
The symbol * means to use as much of the card and as many cards as necessary to read
in the subscripted variable. See reference 14 for a description of FORTRAN IV names
and formats, and reference 15 for a description of the operating system and processor.,

I. Problem identification cards. These cards may contain any numeric or alphabetic
information in card column 3 to 72. A number in card column one indicates the final
identification card. (The format is I1, 1X, 14A5.)

II. BCREAD control card.
Quantity Format Card Columns Remarks

KBCRED 110 1-10=0 Read in cards III to XIX (new problem).
=1 Read in BCDUMP for restart instead of
cards III to XIX. [1]
=2 Read in 2 cards following the first 2 parts of
the BCDUMP to change some of the controls
on the problem. These two cards are listed
as XX and XXI.
=3 Read in 3 cards following the first 2 parts of
the BCDUMP. The first 2 are the same as
those for KBCRED = 2, while the third card
changes the output to be obtained and is the
same as card VII.
If KBCRED equals 0, go to card III; if it is equal to 1, go to card XXIII; if it is equal to
2 or 3, go to card XX,

1. Control card.

KREG I10 1-10=10 A regular flux calculation is performed.
=1 An adjoint calculation is performed.
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Quantity

KALC

KGEO

KLBC

KRBC

KBBC

KTBC

Format

110

110

110

110

110

110

IV. Control card.

NSN

NG
NR

NZ

NMAT

NTYPS

110

110
110

110

110

I10

Card columns

11-20=1

21-30 =1
=2
=3

31-40 = 0
=1

41-50=0,1
=3

51-60 = 0, 1
=4

61-70=0,1,3

1-10

11-20

21-30

3140 = 0
=1
>1

41-50

51 -60

Remarks

Calculate the multiplication constant keff
as the eigenvalue (only option available).
Slab x,y geometry

Cylindrical r,z geometry

Sphere r geometry

No return current, left boundary condition
Plane mirror (*'perfect'') reflection, left
boundary condition

Same as KLBC for right boundary condition
Isotropic ("'white'’) reflection, right bound-
ary condition [2]

Same as KLBC for bottom boundary condi-
tion

180° rotational symmetry, bottom boundary
condition [2]

Same as KRBC for top boundary condition

This is the order n of Sn to be used. It
must be an even integer.

The number of energy groups

The number of mesh intervals for the first
direction [3]

A one -dimensional calculation will be per-
formed with one-dimensional quadrature
(for slabs and spheres only).

A one-dimensional calculation will be per -
formed with two-dimensional quadrature
(for slabs and cylinders only).

The number of mesh intervals for the second
direction of a two-dimensional calculation
[3]

The number of different materials to be
used [4]

The number of cross section types per ma-
terial per group [5]
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Quantity Format

N2N 110

V. Control card.

KCTYP 110
KSISO I10
KGST 110
KCTR 110
KCGG I10
NBUCK I10
LBUCK I10
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Card columns

61-710=1
1-10=0
=1
=2
11-20=0
21-30
31-40
41-50
51-60=0
= -1
=1
61-70=0

Remarks

Read in total out-scattering cross sections
along with the other cross sections for
KCTYP=1 or at XVI(4) for KCTYP#1. [6]

The cross sections will be in TDSN format
(5]

The cross sections to be supplied in the
format of the RP1 diffusion-theory program
[7]

The cross sections to be supplied in the
format of the DTF and DDF programs [5]
All materials use only PO cross sections.
At least one material uses P1 Cross sec-
tions.

The number of the group to begin the outer
iteration. Almost always 1 (the highest
energy group) for KREG = 0 and NG for
KREG = 1.

The position of =t (or Z)g) for g=1 in
the cross-section matrix. [5]

The position of 2;&_ g in the cross section
matrix. [5]

No buckling of this type is to be used.
Buckling dimensions to be read in by card X
and the KCTR field of P1 scz;.ttering Cross
section sets should contain Z gr_ [5] and [8]
Buckling -loss cross sections are to be read-
in for NMAT materials along with the cross
sections for KCTYP = 1 or at XVIII for
KCTYP # 1.

No buckling of this type is to be used.




Y

Quantity Format Card columns Remarks

=-1 Print and punch in the output the buckling -
loss cross sections in the first direction to
be used later as the buckling -loss Cross
sections in the second direction of another
problem run in a direction normal to the
first problem.

=1 Read-in the buckling -loss cross sections for
the second direction as given by a previous
problem at XVII, and print and punch in the
output the buckling-loss cross sections in
the first direction as for LBUCK = -1.

VI. Control card.

ITMIMX 110 1-10 The maximum number of inner iterations to
be allowed before the problem is stopped;
4000 will be used if zero is supplied here
[10] and [11] '

ITMIGM 110 11-20 The maximum number of inner iterations to
be allowed in a group per outer iteration;
20 will be used if zero is supplied here.
[9]and [11]

NZONER 110 21-30 The number of input zones for the first direc-
tion [12]

NZONEZ 110 3140 The number of input zones for the second
direction (zero if NZ = 0 or 1) [12]

KDREAD 110 41-50=0 Use moment modified quadrature for direc-
tion cosines and weights as calculated by
program.

=1 Read-in direction cosines and weights at
XV.

KFLUX1 110 51-60=0 Use an initial flux guess of constant value
over all mesh intervals and groups as sup-
plied by the program.

= -1 Supply a binary card dump of the fluxes of a
previous problem that had the same number
of mesh intervals and groups for the initial
flux guess. This is done at XIX (1). [1]
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Quantity Format Card columns Remarks

=1 Supply an initial flux guess at XIX(2)
KALC1 I10 61-70 To be used for KALC > 1 (not available at
present).
VII. Control card.
GLAM E10.6 1-10 The value of A to be used for problems

other than KALC = 1. On restart, the final
value of X of the previous run is given in
the output.

EIGEN E10.6 11-20 The eigenvalue to be used for problems
other than KALC = 1. On restart, the final
estimate of the eigenvalue of the previous
run is given in the output.

EPS E10.6 21-30 The convergence criteria for the outer itera-
tions [10]
XNF E10.6 31-40 The normalization factor; the number of fis-

sion neutrons at the beginning of an outer
iteration is normalized to XNF.

RYF E10.6 41-50 The ratio factor used in one of the conver-
gence checks as listed in note [10]
TIMAX E10.6 51-60 The maximum time in minutes for a problem

to be allowed to run. The problem will be
stopped after the outer iteration, in which
TIMAX was exceeded, has been completed.
Enough time should be allowed on a system
time card to complete an outer iteration and
give all the output requested. I it is zero,
1.5 minutes will be used. [10]and [11]
CALC1 E10.6 61-70 To be used in conjunction with KALC1.

VHI. Control card.

OMEGA E10.6 1-10 The relaxation parameter to be used for in-
ner iterations. It is not used unless
KACCEL # 0. OMEGA > 1 for overrelaxa-
tion. [11]
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Quantity

OMEGAP

KACCEL

KUPS

IX. Output control card.

ITMPRT

KBCDUP

Format

E10.6

110

110

I10

110

Card columns

11-20
51-60=0
= +1
= +2
61-70=0
>0
1-10=0
=2
=3
11-20=0
= .1

Remarks

The relaxation parameter to be used in ac-
celerating the outer iterations. It is not
used unless KACCEL = 2. [11]

No acceleration of the inner or outer itera-
tions

Relaxation of the inner iterations [11]
Relaxation of the inner and outer iterations;
-1 or -2 to calculate wPt 1 for the inner
iterations by the method of Wachspress

(ref. 12) [11]

Up-scattering scaling will not be performed.
Scaling of the outer iteration fluxes for those
groups that up-scatter will be performed.

No intermediate output is to be printed.

A two-line edit of each outer iteration is to
be printed.

In addition to the preceding, a line edit that
gives the inner iteration relaxation parameter
to be applied during the next inner iteration
in a given group along with convergence data
is to be printed. This is given if overrelaxa-
tion was applied during the iteration.

In addition to the preceding, all the negative
angular fluxes calculated during the last in-
ner iteration in each group are printed out
along with the corrections applied. The
group scalar fluxes must be within approxi-
mately a factor of 10 of meeting the conver-
gence criteria for the print out to be given.
No binary card dump will be punched.

A binary card dump of the scalar fluxes will
be punched for the last outer iteration per-
formed. It is to be used in another problem
with KFLUXI = -1. [1]
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Quantity Format Card columns

=1

KACAV I10 21-30

I
o

1]

1
[y
-
-y

1

1
Do
[\

= -3,3

Remarks

A binary card dump for restart will be
punched if the problem stops before the outer
iterations are converged (see II. p. 40).

[1] and [10]

Same as KBCDUP = 1, except that the card
dump will be given even if the problem is
converged. [1] and [10]

No activity or averaging tables is to be given
in the output.

Activity tables will be given in the output
along with disadvantage factors.

Averaging tables will be given in the output
and punched. These tables give flux-
weighted average cross sections by the zones
requested plus a set averaged over all zones
(only given if KREG = 0). [13]

Both sets of tables will be given

If KACAV > 0 is used, the zones will be by material, and if KACAV = 2 or 3, only the
set averaged over all zones will be punched. If KACAV < 0, a separate zone map for
each type of table requested must be read in at XXIV.

KGAVE 110 31-40=0
>0
KNIP 110 41-50 = 0
=1

46

No group collapsed cross sections will be
given.

The number of groups of collapsed cross
sections. The identification numbers must
be read in at XXIII. Punched output is given.
If averaging tables are requested, the same
zones will be used. If averaging tables are
not requested, the collapsing will be done by
materials. The collapsed cross section
Z)zig will not be correct if n - 2n scatter-
ing is present (only given if KREG = 0). [13]
No flux integrals are punched or effective
axial bucklings printed in the output.

The fluxes as integrated for each material
are printed and punched by group for each
material.




Quantity

Format

=2

KEDIT 110 51-60=0

Card columns

Remarks

Same as KNIP = 1 plus the axial leakage
probability per unit flux (axial leakage/flux)
is printed by group for a two-

dimensional problem.

EDIT subroutine will not be used. The EDIT
subroutine gives activities, flux integrals,
and flux-averaged cross sections over groups
and mesh intervals to be specified at XXV(2)
for cross sections as specified by KEDIT.
Cross sections by group to be used by the
EDIT subroutine must be read in at XXV (3)
The EDIT subroutine will use the absorption
cross section of the problem.

The fission neutron cross section of the
problem will be used.

The total (or transport) cross section of the
problem will be used.

X. Buckling dimensions. This card is a part of the input only if NBUCK = -1.

HZ E10.6 1-10
HY E10.6 11-20
BF E10.6 21-30

The first buckling dimension which is the
second dimension of a one-dimensional prob-
lem and the third dimension of a two-
dimensional problem.

The second buckling dimension should be
zero except for one -dimensional slabs.

If buckling factor is zero, n/+/3 will be
used. [8]

XI. Specifications for first dimension. One card of this type is included for each of the

NZONER input zones.

NMI I5 1-5
RMI E10.6 6-15
MID I5 16-20

The number of mesh intervals in the zone
The distance from the left boundary of the
problem to the outside boundary of the zone
The material identification of the zone (not
used if NZONEZ is greater than 1 [4]
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XII. Specifications for second dimension. (No cards are included here unless NZ is
greater than 1.) One card of this type is included for each of the NZONEZ input zones.

Quantity Format Card columns Remarks
NMI I5 1-5 The number of mesh intervals in the zone
RMI E10.6 6-15 The distance from the bottom boundary of the

problem to the upper boundary of the zone

XIII. Material specifications for problems for which NZONEZ is greater than 1. (No
cards are included here unless NZONEZ is greater than 1.) One card(s) of this type is
included for each of the NZONEZ input zones.

MID 110 1-10,* The material identification as described in
note [4]; NZONER values are included per
card(s).

XIV. Fission spectrum.

XK1 TE10.6 1-10,* NG values are included to give the fission
spectrum y by energy group. The sum
should be 1.

XV. Direction cosines and weights. (No cards are included here if KDREAD = 0.) ND
values are included for each function. [14]

(1) DR 7TE10.6 1-10,* The direction cosines to the first direction

(2) DZ TE10.6 1-10, * The direction cosines to the second direction
(no cards are included if NZ = 0 or 1).

3)w TE10.6 1-10,* The direction weights (which must add to 1).

XVI. Cross sections for each material included here.

(1) If KCTYP = 0, use this format. NG sets of cards for each material (P1 mater -
ials counting as 2 materials) are included here with a set covering only one energy group.

C 7E10.6 1-10, * See note [5] for description.

(2) f KCTYP = 1, use this format. Three different sets of cards may be included for
each material. [7]

(a) The first set of cards is given as follows and contains NG cards:
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Quantity Format Card columns Remarks

D E10.6 1-10 The diffusion coefficient

za E10.6 11-20 The absorption cross section that will be put
in the C2 position.,

=T E10.6 21-30 If (NTYPS - KCGG) = 1, this is the scatter-

ing removal cross section and will be put
into the first (and only) cdown position. If
N2N =1, this is the total out-scattering
cross section CN2N. [6]

VEf E10.6 31-40 The fission neutron cross section that will
be put in the Cf position
BUCKG E10.6 41 -50 If NBUCK is greater than zero, the effective

buckling cross section is included here.
When multiplied by the flux it will yield the
transverse leakage.

(b) If NDOWN = NTYPS - KCGG is greater than 1, or if NUP > 0, the second set
of cards consists of the down-scattering cross sections for the material and are in-
cluded here.

down o1 s
z 7E10.6 1-10,* 2g—~g+1’ Zg-g+2’ Eg_.g+3, etc., until either

NDOWN values have been given or T

g-NG
has been reached.

(c) f NUP = KCGG - (KCTR + 1) is greater than zero, the third set of cards con-
sists of the up-scattering cross sections for the material. The cross sections start

for the scattering out of the (NG - NUP + 1)-th group to the NS = (NG - NUP)-th
group.

zup 7E10.6 1-10, * etc., until =

y Z ’
g-g-1’ Zg-g-2 g-Ng s

been reached.
The cross sections for the next material are then given. In each case the cross
sections are put in positions as specified by note [5] by the program to work the

problem. Also X g-g is computed for each material and put in the ct~g position.
No activity cross sections can be included. [7]

(3) f KCTYP = 2, use this format. The order of the cross sections on the cards is
the same as that for XVI(1), but the cross sections are divided into sets only by material
and not by material and group with C2%t for the next group (C? if KCTR = 3) beginning
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in the next field following the final down<scattering cross section of a given group. The
format is 6F12.7. This is the same format as used by DDF and DTF (ref. 16). [5]

(4) If N2N = 1 and if KCTYP # 1, the total out scattering cross sections are supplied
here before the next material is included under (1) or (3).

Quantity Format Card columns Remarks
CN2N TE10.6 1-10,* NG values [6]
XVI. Effective buckling cross sections if LBUCK = 1 included here.

BUCLK 7E10.6 1-10,* NG values of BUCLK are given. Each value
when multiplied by the flux will yield the
transverse leakage by group.

XVIII. Effective buckling cross sections if NBUCK = 1 included here for KCTYP £1.
NMAT sets of cards are included. XVII and XVIII should not both be used for the same
problem,

BUCKG TE10.6 1-10,* NG values of BUCKG are given in each set.
The second set for P1 materials should
contain zeros. Each value when multiplied
by the flux will yield the transverse leakage
by group and material.

XIX. Initial flux guess (no cards are included if KFLUXI = 0).

(1) The binary card dump of the fluxes of a previous problem with the same values of
NG, NR, and NZ is included here if KFLUXI = -1.
(2) If KFLUXI = 1, the flux guess is included here.

N,X 5(15, E10. 6) (1-5,6-15),* N is the number of successive intervals at
which to use X for the flux guess. The sec-
ond value of N (appearing in card columns
16 to 20) gives the number of successive
intervals at which to use the next value of X
(appearing in card columns 21 to 30), and so
forth. If N becomes zero before NR times
NZ values have been given, the remaining
values for the flux guess are set equal to

zero for the group. Repeat for other groups
as desired.
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If KBCRED = 0, go to XXIII since the following cards are used only for a restart.

XX. Restart control card for KBCRED = 2 or 3.

Quantity Format Card columns Remarks
ITMIMX 110 1-10 Same as for card VI [11]
ITMIGM 110 11-20 Same as for card VI [11]

XXI. Restart control card for KBCRED = 2 or 3.

EPS E10.6 1-10 Same as for card VoI
TIMAX E10.6 11-20 Same as for card VII [11]
OMEGA E10.6 21-30 Same as for card VIII [11]
OMEGAP E10.6 3140 Same as for card VIII [11]
KACCEL 110 51-60 Same as for card VI [11]
KUPS 110 61-70 Same as for card VIII

XXTI. Restart output control card for KBCRED = 3. This card is included only if
KBCRED = 3 and is the same as card IX.

The following cards are for special edits and are utilized only after the problem has been
completed.

XXIMI. Collapsed group identification numbers. Cards are included here if KGAVE > 0.

IDGP 7110 1-10,* Include NG numbers identifying the KGAVE
collapsed group to which each group belongs.

XXIV. Activity table and flux-weighted averaging table identification numbers (cards are
needed if KACAV is negative).

(1) The map for the activity table. Cards are needed if KACAV = -1 or -3.

(a) The number of output zones

NZONRA 110 1-10 The number of output zones in the first direc-
tion (maximum of 50). [12]
NZONZA 110 11-20 The number of output zones in the second

direction (zero for a one-dimensional prob-
lem; (maximum of 30). [12]

(b) Mesh interval map.
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Quantity Format Card columns Remarks

NMRA 110 1-10, * The number of mesh intervals for the first
direction to be included in each output zone.
Include NZONRA values.

(c) Include this card if NZONZA > 0.

NMZA 7110 1-10,* The number of mesh intervals for the second
direction to be included in each output zone.
Include NZONZA values.

(d) The identification numbers for the zones. Include NZONZA sets of cards (one
set if NZONZA = 0).

IDM 1415 1-5,% Include NZONRA values per set of cards
identifying which zones (and thereby mesh
intervals) are to be combined in obtaining
the activity table. Zones with the same
value of IDM will be combined.

(2) The map for the averaging table. No cards are included here unless
KACAV = -2 or -3. If KACAV = -3 both XXIV(1) and XXIV(2) must be included. The ex-
planation of the input is the same as under XXIV(1).

XXV. Input for EDIT subroutine if KEDIT > 0.

NISET 110 1-10 The number of activity edits (integration sets)
to be performed.

(1) The number of integrals to include in a given edit set (INT has a maximum of 200).
INT 110 1-10 This card will be read in NISET times.
Cards (2) and (3) are included in order INT times following each card (1).

(2) The integration limits for a given integral.

1G1 110 1-10 The upper limit of the groups to be included
in a given integral

1G2 110 11-20 The lower limit of the groups

IR1 110 21-30 The left limit of the first direction mesh in-

tervals to be included in a given integral
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Quantity Format Card columns Remarks

IR2 110 31-40 The right limit

1721 110 41-50 The lower limit of the second direction mesh
intervals to be included in a given integral
(one for a one-dimensional problem).

1Z2 110 51-60 The upper limit (one for a one-dimensional
problem)

(3) Include this card only if KEDIT = 1.

SIGMA F10.6 1-10 The group cross section to be used in the
integration. Include one value (on separate
cards) for each group within the limits IG1
and IG2.

Description of Output

Each Roman numeral refers to a new section of output. The numbers in brackets
again refer to notes in the section Program Operation.

I. Input title and control cards. LAST is the storage required for the subscripted
variables of the 17 500 available, and LAST1, LAST2, LAST3, and LLAST4 are
the storages required by each of the first four overlays for these variables.

II. Dimension specifications by zone as included in input and by mesh interval as calcu-
lated by program. Only the latter is given on restart from a binary card dump.

II. Material specifications MA by mesh interval beginning with lower left mesh
interval. [3]

IV. Fission spectrum input x, XXKI.

V. All cross section input in TDSN format. If KCTYP = 1, this is preceeded by the
cross sections in their input format. Only the TDSN format is given on restart.

VI. If LBUCK = 1, effective buckling cross sections BUCLK are listed; if NBUCK =1,
effective buckling cross sections BUCKG are listed.

VII. Total out-scattering cross sections are listed by group.

53



VII. Volumes of mesh intervals as calculated by program are listed beginning at
lower left corner. [3]

IX. Direction functions as included in input or as calculated by program are listed.

X. If ITMPRT > 0, two lines of intermediate output for each outer iteration are
listed. The output listed is as follows for the first line:

ITMA
ITMI
ITMIGX

ITD
TIME REQ

EPG
EPGM

KASOR

KONV

KFINSH

NEUTRON BAL

GLAM

EIGEN
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Number of outer iteration
Total number of inner iterations performed [11]

Maximum number of inner iterations performed in a group
during outer iteration

Number of inner iterations per outer iteration

Total time required to perform iterations in minutes; time
starts over on restart [11]

Convergence criterion for inner iterations [9]

Maximum change in within-group-scattering source (or in the
collision removal) that has occurred for last inner iteration
in a group [9]

If KSISO = 1, KASOR > 0 indicates an adjustment was made to
P1 source for final inner iteration in a group; value of
KASOR is number of groups in which adjustments were
made; KASOR must be zero for convergence

Equal to 0, problem unconverged and continuing to run; equal
to 1, problem unconverged but stopped by iteration count
(ITMIMX); equal to -1, problem unconverged but stopped
by TIMAX; equal to 2, problem converged [10]

Number of groups that did not converge during the inner itera-
tions (see XIV. [9] and [11]

Neutron balance as given by note [6]; if large, after con-
vergence, an error such as in cross sections or in setting
a large number of negative angular fluxes to zero is indi-
cated

Eigenvalue X that must be within EPS of 1 for convergence,
and within EPS of previous value of A
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The second line of the two-line output is as follows:

UPS2 Up-scattering error; sum of absolute change in up-scattering
source over all mesh intervals and groups from before
and after an outer iteration; not used if KUPS = 0 [9]

XNG(NGP1) Total flux over all mesh intervals and groups

SING(NGP1) Total in-scattering source over all mesh intervals and
groups [9]

SDG(NGP1) Total out-scattering loss [9]

AG(NGP1) Total absorption [9]

HNLG(NGP1) Total leakage along first direction [9]

VNLG(NGP1) Total leakage along second direction [9]

XNLG(NGP1) Total leakage including HNLG, VNLG, and any buckling
losses [9]

. If ITMPRT > 1, the following line is listed during each inner iteration in which
overrelaxation has been applied:

GROUP Group to which acceleration was applied
ITMIG Inner iteration for which aeceleration was applied
FLUX ERROR If KACCEL > 0, this is the larger of 62 and 63 (EPGX)

(see note [9]) of previous iteration of group; if
KACCEL < 0, this is the integrated absolute change in
scalar flux that occurred during present iteration

> lofuc - ot | v
i,k

ERROR RATIO If KACCEL < 0, this is 02 of equation (28) which is ratio of
present FLUX ERROR to previous iteration FLUX ERROR

FORMER RATIO If KACCEL < 0, this is ERROR RATIO of previous iteration

FACTOR If KACCEL < 0 and two ratios are within 0. 005 of being
identical, this is the parameter « of equation (28) that
is used to compute new overrelaxation factor Pt 1.

OMEGA Value of overrelaxation factor WPt 1 to be used for next
inner iteration in group
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XII. If ITMPRT = 3, information will be printed out if negative values are obtained in

XIII.

XIV.

XV

XVI.

XVII.

XVIII.

XIX
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applying the recursion relation to obtain angular fluxes at mesh cell and quadra-
ture boundaries. This information is only printed out if the group scalar fluxes
are within about a factor of 10 of convergence and for the last inner iteration in
a group. The information given is a number indicating the type of angular flux
that was negative (1310 for mid-mesh cell, mid-quadrature fluxes, 1340 for
fluxes on the second -direction boundaries of mesh cells, 1355 for those on
quadrature boundaries, 1375 for those on first-direction mesh-cell boundaries
on inward passes, and 1390 for outward passes), the value that the flux was ad-
justed to, the value it had before being adjusted, the quadrature direction in-
volved, the mesh interval involved (starting with 1 in the lower left corner and
ending with NR times NZ for the upper right corner), the lethargy group in-
volved, and the number of the inner iteration being performed.

The first line of the output described under X is listed for the final outer iteration
performed.

If KFINISH > 0, NG values of KFING are listed indicating the status of each group.
A zero means the group converged, -1 means EPGX for the group was less than
one-twentieth of the previous outer iteration EPGM, 1 means that the number of
group iterations had become equal to the maximum allowed. [9]

If KASOR > 0, NG values of KASORG are listed indicating the number of mesh
intervals in each group at which an adjustment was made in the P1 source,

The mesh interval in which the greatest change in the within-group-scattering
source ESIJM occurred for the last inner iteration is listed under MXVARI. [10]

This mesh interval listing is followed by the values of ESIJM which is the ratio of
the actual change in the within-group-scattering source to the flux integral for
the group.

A number of labeled quantities are listed next by group with the last value being
the sum over all the groups. Each quantity represents a sum over all the mesh
intervals. Many of the quantities lose their meanings for an adjoint calculation.

The next set of quantities (F, XN, XJR, and XJZ) are listed by mesh intervals and
have been normalized so that the maximum value of the flux will be 1. The re-
ciprocal of the maximum value of the flux is listed first as the normalization
factor.




(OF Production rate per unit volume
(2) XN Scalar flux & by group
(3) XJR I KSISO = 1, the current in the first direction is given by group.

(4) XJZ  If KSISO = 1 and the problem is two dimensional, the current in the
second direction is given.

XX. If KNIP = 1, flux integrals over the range of each material will be listed and
punched on cards (in 7F10.6 format). (For the P, portion of P; materials,
the net two-dimensional current integral is listed and punched.) If KNIP = 2,
the effective buckling cross section for the transverse direction is also listed by
group. This is the leakage in the transverse direction divided by the flux as
integrated over all mesh intervals.

XXI. If LBUCK = -1 or 1, an effective buckling cross section for the first direction is
listed and punched (in 7F10. 6 format) by group. This is the leakage in the first
direction divided by the flux as integrated over all mesh intervals.

XXII. If KACAV = -3, -1, 1, or 3, activity table output will be listed.

(1) If KACAV is negative, the activity table input map is listed by mesh inter-
val.

(2) An activity table for each region specified by the activity table map (either
as at XIX(1) or as at III) with negative identifications yielding successive
Po and P1 activity tables. Then a table for all the mesh intervals
specified by the map is presented (one for P0 and one for P1 if
KSISO = 1 and negative identifications have been included in the map.)
These tables are integrals of &V (ZJV, if Pl) for each region listed
and for each cross section X included in the input and are listed in the
same format as that used for the TDSN cross sections. The final value
for each group is the flux integral for the group. The final line (or set of
lines) is the sum over all the groups. The flux & used for the scattering
cross sections is that required to obtain the source.

(3) Disadvantage factors are listed by group for each region. These are the
ratio of the flux integral for the region to the volume of the region divided
by the ratio of the total flux integral to the total volume or
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where E means to sum over those mesh intervals i,k contained in
i,k
region m.

XXIMI. If KACAV = -3, -2, 2, or 3, averaging table output will be listed and punched
and/or, if KGAVE is greater than zero, collapsed group output will be listed and
punched (only if KREG = 0).

(1) If KACAV is negative, the averaging table input map is listed by mesh inter-
val.

(2) Averaging tables similar to the activity table described by XXI1I(2) are
listed. These are flux-weighted tables. If PO and Py material re-
gions are combined, the average Et obtained will be a combination of
the Zt of the P1 region and the Etr of the P0 region. This will also
occur in the final table covering all the mesh intervals in the map. If
KACAYV is negative, punched cards are also given for each region and for
the final combined region. If KACAV is positive, punched cards are
given only for the final combined region since the cross sections for the
other regions will be just like the input. [13]

(3) f KGAVE is greater than zero, the collapsed group identification numbers
are listed.

(4) If KGAVE is greater than zero, collapsed group cross sections are listed
and punched for each region in the map. [13]

XXIX. If KEDIT is greater than zero, the edit output is listed.

(1) Edit input is listed for each integration set.

(2) For each integration set, the activity, flux integral, and flux-weighted
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cross section (activity/flux integral) are listed for each specified integra-
tion limit along with the final values for the entire set.

Program Operation

[1] The binary card dump for restart consists of three dumps. The first of these is
the program COMMON (ref. 14) and contains 10 cards. The second dump contains the
subscripted variables required for restart except for the fluxes and currents. The num -
ber of cards depends on the problem. The third dump contains the fluxes and currents.
If KSISO = 0, only fluxes will be given and the number of sets of cards will be NG. These
cards may also be used for the flux guess with KFLUXI = -1. If KSISO = 1, the sets con-
sist of the fluxes (XN), first-direction currents (XJR) and, if NZ > 1, the second-
direction currents (XJZ) for each group in order. Thus, if the fluxes are desired for a
flux guess they must be separated from the currents.

[2] Plane mirror reflection represents a symmetry boundary condition that does not
apply to curved outer boundaries. Isotropic reflection is more realistic for many cell
problems (ref. 5), and its use is recommended for curved boundaries.

For 180° rotational symmetry, the mesh below the diagonal must be such that it can
undergo a rotation through 180° about the midpoint of the configuration and duplicate the
mesh above the diagonal. Taking advantage of the symmetry by solving only that portion
of the configuration above the midpoint requires that the mesh spacings in the first direc-
tion must be symmetric about the midpoint of the new bottom boundary.

[3] The number of mesh intervals required can be determined by a rule given in
reference 2. This rule states that the ratio of the average flux for adjacent mesh inter-
vals to the absolute difference of these fluxes should be approximately equal to the order
of quadrature n for important regions and groups. For instance, for S4 the ratio
should be approximately 4. If the ratio is much smaller than n, too few mesh intervals
have been used, and if it is much larger than n, more mesh intervals than required have
been used.

Another criteria has been that Et Ar or Zt Az should be less than or equal to 1.
However, this criterion seems to be unnecessarily stringent and has not been required
for problems calculated by the author.

The mesh layout for a two-dimensional problem is given in figure 3 that shows the
mesh numbering scheme used.

[4] The materials are identified by the order in which they occur in the input with
the P; matrix of P1 materials counting as a separate material. Thus, the total num -
ber of materials NMAT equals the number of Py materials plus twice the number of P,
marerials.
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Jor K To identify the material to be used in a given input

T

g 36338 ;: w|ale zone (MID), the position in which it occurs in the input is

5(29|3131|32|33|34(35 used. P1 materials are identified by using the negative of
g 4|2|B|24\52|0 8= the input position for MID. For example, if the fifth set of
T 3|15 107|819 |0 2= cross sections in the input is a Py material, it would be

i ’1’ : “; li li 12 1: identified by -5 for MID. This would mean that the sixth

Bt set of cross sections would be the P1 scattering matrix
1 2 3 45 6 1-1 for material 5. The next allowed value of MID would be 7.

Figure 3, - Mesh layout showing If material 5 is the last material to be included in the input,

mesh numbering scheme.

NMAT becomes 6 to correspond to the number of sets of
cross sections in the input.

[5] Cross sections C for Sn programs have usually been arranged in the following
order for any one group. The first cross sections (if any are used) for the group are
known as activity cross sections ZZCt and are only used in the program output in the
tables in flux integrations such as

- Eact
Bg,v f g, v, v ®
v

Following the activity cross sections (or the first in order if there are no activity
cross sections) comes the absorption cross section =&, This cross section is used to
compute neutron balance but is not used in the actual flux iterations.

In the next field occurs v times the fission cross section vEf followed by the total
cross section ! (or s if the transport approximation has been used). The field con-
taining Z)tg is designated by KCTR.

The 2% and VEf fields are not used for the P, scattering cross sections of a Py
material and neither is the =t field unless a buckling cross section based on the reactor
dimensions (NBUCK = -1) is to be obtained. Then this field should contain Z)tgr to be
used in obtaining the buckling cross section.

The scattering cross sections in the usual Sn order represent the scattering into
the group rather than the scattering out of it. Positions for the same number of cross
sections are allowed in each group so that there are fields provided for some nonexistent
cross sections and these should contain zeros. The field containing the within-group-
scattering cross section Z ~g is designated by KCGG, while the total number of fields
required for all the cross section input for any given group is given by NTYPS.

If there is any up-scattering, the number of fields allowed for each group is
NUP = KCGG - (KCTR + 1) with the Eg+1-g

. s t .
before Z g—g’ the Eg +NUP-~g ©Toss section occuring just after Z g? and the others in

cross section occuring in the field just
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order between these two. For any particular group, the cross sections for the left most
fields (or for all the fields) may not exist.

The down-scattering cross sections allowed for any group is NTYPS - KCGG with
the Eg-l-— g cross section occuring in the field immediately following = -g° No down-
scattering cross sections will exist for the first group and only one for the second group,
etc., until all the fields are filled for group NTYPS - KCGG + 1. The entire cross sec-
tion array over all groups and materials is stored in the program array C.

For P, material, the first set of cross sections contains Ega 2;, vZ)f 2; and
the total scattering array for all groups, while the second set of cross sectlons contains
pact (to be integrated over the current) and the P1 scattering array and Eg if
NBUCK = -1. For KCTYP = 0, the 2¢ + 1 multiplier must be included in the P1 scat-
tering matrix. For KCTYP = 2, the P1 scattering matrix will be multiplied by 2¢ + 1
by the program before being stored in the C array, and the 2¢ + 1 multiplier must not
be supplied in the cross-section matrix.

[6] I a problem contains materials that involve n — 2n scattering, the total scat-
tering removal cross section =T must be included in the problem input as CN2N for use
in computing the neutron balance. The reason is that the total P0 scattering matrix
contains the extra neutrons that result from the n - 2n scattering and would yield too
large a value for neutron loss if it were obtained by summing the scattering matrix as if
it represented the scattering out of a group.

The total scattering removal E; is defined by

G

T s0 n-2n
Zg = z ;<>3g*g' +Eg gt Zg- g)

g'=1
g'ég

The neutron imbalance per group is computed by the program as the difference be-
tween the fixed source to the group before the inner iterations for the group and the
losses from the group by absorption, scattering removal, and leakage from the system as
computed after the inner iterations. The output quantity XNB(NGP1) is the ratio of the
sum over all groups of the group imbalance to the '"power level'' XNF.

[7] ¥ the cross sections are supplied to the program in the form of diffusion cross
sections (KCTYP = 1), Zg and Z g~g must be computed and the whole array rearranged
before being stored in the C array. Both these operations are performed by TDSN:

Zg is calculated as 1/ (3Dg), while Z‘g —g is computed to give balance as
gg = Etgr z3 Er, where ZI is the scattering removal from the group. If there is

r

g is obtained by summing the down- and up-scattering

no n - 2n scattering (N2N = 0), =
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out of group g. If there is n — 2n scattering, the scattering removal cross section
must be included in the input as CN2N (see note [6]).

Since the cross sections are diffusion program cross sections and are rearranged to
be transport approximation Sn cross sections, P1 scattering cannot be allowed, and
KSISO must be zero.

[8] If buckling dimensions are supplied, buckling-loss cross sections are computed
by the program as

B2

(ZITH + 27)2

z;tr

where B is the buckling factor, H the buckling dimensions, and 7y = 0.71045608. The
buckling factor is #/4/3 for plane boundaries and 2(2.405/+/3) for cylindrical bound -
aries. For cylindrical boundaries, H is the diameter.

[9] The inner iteration convergence in the TDSN program may be seen through
various quantities listed after each outer iteration and others listed after the last outer
iteration. .o

The first of these is EPGM; the largest (considering all groups) of the quantities &,
and 04 given by equations (31) and (32). If this value of EPGM is larger than EPG, the
problem is not converged. The amount of change in this quantity from one outer iteration
to the next is an indication of the rate of convergence.

If either the top or right boundaries are reflected (KTBC or KRBC equal 1 or 3), the
leakage across the boundary must be less than EPG/8 for convergence to be indicated. If
either of these boundaries is not reflected, the values of the total leakage across these
boundaries (VNLG and HNLG) and of the net leakage (XNLG) summed over all groups is
of interest in determining the amount of convergence of the boundary fluxes. Changes in
these leakages as the outer iterations proceed indicate that the fluxes at the boundaries
have not converged.

If up-scattering scaling is used (KUPS > 0), 5, of equation (35) must be less than
EPS for the outer iterations to be considered converged. This quantity should decrease
as convergence proceeds and is UPS2/XNG(NGP1).

Other quantities that may be seen in the output to indicate convergence are
SING(NGP1), SDG(NGP1) and AG(NGP1). All three should cease to change as convergence
proceeds and, if KREG and N2N equal zero, SING(NGP1) and SDG(NGP1) should be equal,
within EPS, for convergence,

If inner iteration convergence for any group is not indicated for the last outer itera-
tion, the inner iterations may have been terminated for either of two reasons. First,
because EPGX (the maximum of 6, and 84 of egs. (31) and (32)) has become less than
one -twentieth of the previous outer iteration EPGM or second, because convergence was
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not indicated within the allowed number of inner iterations ITMIGM. The quantity that
indicates this lack of convergence after each outer iteration is KFINISH; the number of
groups not satisfying all the convergence tests. Group convergence is required
(KFINISH = 0) before the problem is considered to be converged.

[10] The outer iteration convergence in the TDSN program may be seen through the
quantities listed after each outer iteration, as in note [9], and in quantities listed only
after the final outer iteration.

First, the mesh interval MXVARI for which the largest change in the within-group-
scattering source occurred as a result of the last inner iteration in a group is determined
and listed. Then 61 given \by equation (30), the ratio ESIJM of this change to the total
integrated group flux XNG, is found and listed. This quantity must be less than EPG/100
for group convergence to be indicated.

Another quantity listed that is concerned with the group convergence is KFING which
gives by group, if KFINISH was greater than zero, the reason why the groups were not
converged. Here -1 indicates that EPGX for the group was one-twentieth of the previous
outer iteration EPGM, and 1 indicates that all the allowed inner iterations were performed
for the group. KFING = 0 indicates convergence.

The outer iteration convergence tests are given by equations (33), (34), and (35) with
64, 65, and 67 compared with EPS. However, a form of 56 given by the ratio of the
total out-scattering loss SDG to the total fission source FG for the previous outer itera-
tion divided by the same quantity for the present outer iteration must be within EPS/RYF
of 1.

If these tests are not met, the problem will continue unless stopped by either of two
checks. The first of these is that the total number of inner iterations ITMI exceeds the
maximum number allowed ITMIMX. The second check is that the elapsed time TIMEX
required to perform the problem exceeds the maximum allowed time TIMAX. If ITMI
exceeds ITMIMX, KONV is set equal to 1 and the problem terminates, or if TIMEX ex-
ceeds TIMAX, KONV is set equal to -1 and the problem terminates. In either case, all
the requested output is then given along with a restart dump if requested by KBCDUP.

[11] Certain parameters of the problem can be changed on restart as listed for cards
XX, XXI, and XXII of the input. They include parameters affecting the problem conver-
gence such as the number of inner iterations to allow per group (ITMIGM), the amount
of overrelaxation to use, and the use of up-scattering scaling.

It is recommended that ITMIGM be small (about 10 to 20) initially. This enables the
fixed portion of the group source to be updated more often and avoids wasting time con-
verging group fluxes while using a grossly inaccurate source guess. As the source be-
comes converged, the number of inner iterations allowed per group can be increased.

The relaxation parameters to be used are problem dependent. Therefore, the param-
eters that will yield the fastest convergence must be determined for any given class of
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similar problems. In general, however, the larger the number of mesh intervals and
the less converged the fluxes, the closer the inner iteration parameter OMEGA should be
to 1. The size of the problem to which the outer iteration parameter OMEGAP is applied
is also related to the number of energy groups. Usually OMEGAP should be closer to 1
than OMEGA.

The program does have test procedures so that some convergence must be attained
before overrelaxation will be applied. Also, some degree of convergence must be main-
tained to continue the application of the relaxation parameter. However, too large a
value of the parameter will, for those iterations in which it is applied, override the con-
vergence achieved during the iterations in which it was not applied.

For negative KACCEL, a new inner iteration overrelaxation factor is computed by
the method of Wachspress (ref. 12) by the program after further convergence of the group
fluxes is attained, and this parameter is then used for the rest of the iterations in the
group. The process is repeated during each outer iteration.

The total number of inner iterations ITMI and time required TIMEX is roughly pro-
portional to the average number of neutron collisions per neutron lifetime (ref. 2). Con-
vergence will be slower in regions with longer lifetimes, and problems containing such
regions, such as problems with large voids or reflectors, may be expected to require
more inner iterations to obtain converged fluxes. These regions may have relatively
small effect on the eigenvalue, however. If this is the case, the problem will not need to
be restarted if only the eigenvalue is desired.

[12] An input zone is a region with constant mesh width and only one material. If
either the mesh width or the material changes, another input zone is required. An output
zone is a region with only one value of the output identification number. The output zone
is not dependent on mesh width, and different materials can have the same identification
number if they are to be combined in the output.

[13] For P, cross sections, the flux-weighted average cross sections —ZTg are ob-

tained so that
_S_  Zeik®eiicVik

b - L,k

g
E PoikVik

i,k

for those mesh intervals i,k over which the average is to be obtained. For the scatter -
ing array, the average cross section Eg'-—g is obtained by replacing Egik by
Zgrag ik 4 Doy bY @, ; - The average scattering removal cross section is ob-
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tained in the same way as Eg’ and the within-group-scattering cross section is obtained
by neutron balance so that

The cross section Z gg 18 obtained so that EZ = f); +2 gg 2nd will be incorrect for
computing the scattering source if n - 2n scattering is present.

Collapsed group cross sections, except for the scattering array, are obtained in the
same manner as flux-weighted cross sections with the summations over the groups to be
collapsed rather than the mesh intervals. The scattering array is obtained so that the
in-scattering source to the collapsed group is the sum of the sources to the groups to be
collapsed from the other groups. The collapsed-group-scattering removal is computed
by summing the appropriate terms from the collapsed -group-scattering array and will be
incorrect if n - 2n scattering is present. The within-collapsed-group scattering is
computed similar to that for flux-weighted cross sections by neutron balance. ¥ n - 2n
scattering is present the within-collapsed-group scattering will be incorrect both because
the scattering removal is incorrect and because of the balance technique.

[14] The number of directions ND for which direction cosines and weights are sup-
plied in the input depends on the geometry of the problem and the order n (NSN) of the
quadrature. For two-dimensional problems (NZ > 0) or for one-dimensional cylindrical
geometry, ND = NSN(NSN + 4)/4. For one-dimensional slabs and spheres, ND = NSN + 1.
Note here that one-dimensional slabs can be treated as two dimensional as far as quadra-
ture is concerned by setting NZ = 1.

For two-dimensional problems, the ND values of the weights (W) should add to 1.
The actual number of directions used by the program is twice that of ND and includes the
downward directions as well as the upward directions included in the input. The weights
are halved by the program to account for the extra directions.

Tables of values for two possible methods of quadrature are listed in appendix B.
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APPENDIX B
DIRECTION QUADRATURE TABLES

The projection invarient sets are given in the following tables, where DR is the
cosine in the R-direction, W is the weighting factor, and DZ is the cosine in the Z-
direction

PROJECTION INVARIANT SET A (REF. 2)
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Quadrature | One-dimensional set Two-dimensional set
DR w DR DZ w
Sy -1.0 -0.81649660 (0.57735027
-. 57735027 | .5 -.57735027 | .57735027( .5
. 57735027 | .5 .57735027 | .57735027| .5
84 -1.0 -0.47140452 |0.88191710
-.88191710 | .1666667 | -.33333333 [ .88191710 | .1666667
-.33333333 | .3333333 .33333333 | .88191710 | .1666667
. 33333333 | .3333333 | -.94280904 | .33333333
. 88191710 | .1666667 | -.88191710 | .33333333 | .1666667
-.33333333 | .33333333 | .1666667
.33333333 | .33333333 | .1666667
.88191710 | .33333333 1 .1666667
SG -1.0 -0.36514837 (0.93094934
-.93094934 | .0916667 | -.25819889 | .93094934 | .09166667
-.68313005 | .150 .25819889 | .93094934 | .09166667
-.25819889 | .2583333 | -.73029674 | .68313005
.25819889 | .2583333 | -.68313005 | .68313005 | .075
.68313005 | .150 -.25819889 | .68313005| .075
.93094934 | . 0916667 .25819889 [ .68313005 | .075
.68313005 | .68313005| .075
-.96609178 | .25819889
-.93094934 | .25819889 | .09166667
-.68313005 | .25819889 | .075
-.25819889 | .25819889 | .09166667
.25819889 | .25819889 | .09166667
.68313005 | .25819889 | .075
.93094934 | .25819889 | .09166667




Quadrature | One-dimensional set Two-~dimensional set
DR w DR DZ w

S8 -1.0 -0.30860672 | 0.95118972 |0
-.95118972 | .06349070 | -.21821790} .95118972 | .06349070
-. 18679579 | .09138352 .21821790| .95118972 | .06349070

-.57735027 | .12676087 | -.61721341| .78679579 {0
-.21821790 | .21836491 | -.57735027 | .785'79579 | .04569176
.21821790] .21836491 | -.21821790| .78679579 | .04569176
. 57735027 | .12676087 .21821790 | .78679579 | .04569176
.78679579 | .09138352 .57735027 | .78679579 | .04569176

.95118972 | .06349070 | -.81649658 | .57735027 {0
-."18679579 | .57735027 | .04569176
-. 57735027 | .57735027 | .03537735
-.21821790 | .57735027 | .04569176
.21821790 | .57735027 | .04569176
. 571735027 | .57735027 | .03537735
.78679579 | .57735027 | .04569176

-.97590007 | .21821790 |0
-.95118972 | .21821790 | .06349070
-.718679579 | .21821790 | .04569176
-. 57735027 | .21821790 | .04569176
-.21821790 | .21821790 | .06349070
.21821790 | .21821790 | .06349070
. 57735027 | .21821790 | .04569176
.78679579 | .21821790 | .04569176
.95118972 [ .21821790 | .06349070

PROJECTION INVARIANT SET B (REF. 2)
Quadrature | One-dimensional set Two-dimensional set
DR w DR DZ w
82 -1.0 -0.81649660 |0. 57735027 |0
-.57735027 | .5 -.5T735027 | .57735027 | .5
.577350271 .5 .57735027 | .57735027 | .5

S4 -1.0 -0.71007688 [0.70412415 |0
-.70412415| .33333333 | -.70412415 | .70412415 | .16666667
-.09175171 | .16666667 | -.09175171 | .70412415 | . 16666667
.09175171 | .16666667 | .09175171 | .70412415 | .16666667
.70412415 | .33333333 | .70412415 | .70412415 | .16666667

-.99578192 | .09175171 |0
-.70412415 | . 09175171 | .16666667
.70412415 | . 09175171 | .16666667
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APPENDIX C

OUTLINE OF PROGRAM DECKS

The program decks required by the TDSN program as used on the Lewis Monitor
System, are listed. The output of the sample problem in appendix E also gives a listing
of the subroutines used by TDSN as well as subroutines provided by the Lewis Monitor

System.

Deck name Language
TDSN FORTRAN IV
TIME1 MAP

The first overlay is as follows:

INPUT FORTRAN IV
READSV FORTRAN IV
XSTDSN FORTRAN IV
SETUP FORTRAN IV
BCREAD MAP, Version 12
.READS MAP, Version 12

The second overlay is as follows:

OUTER FORTRAN 1V

68

Purpose

To call the overlays

To read the storage cell clock. Time re-
turned is in clock pulses, which are 1/3600
of a minute each. This subroutine is system
oriented. Other users will need to change
the program to call their own subroutine or
write a dummy subroutine to return a zero
when called.

To read in the nonsubscripted input and cal-
culate the storage locations for the sub-
scripted input

To read in the subscripted input variables
To obtain Sn format cross sections from
diffusion format input

To compute various quantities required for
every iteration

To read absolute binary cards (maximum of
22 words per card) from a previous problem
dump

Used by BCREAD

Contains the outer (power) iteration loop and
convergence tests,




Deck name

ORSCAL

FISION

FIXED

INNER

SORAXS

FLUX

Language

FORTRAN IV

FORTRAN IV

FORTRAN IV

FORTRAN IV

FORTRAN IV

FORTRAN IV

The third overlay is as follows:

DUMPBC

BCDUMP

. PCH.
OUTPUT

FORTRAN IV

MAP, Version 12

MAP, Version 12
FORTRAN IV

The fourth overlay is as follows:

TABLES

IDACAV

TABLE

SUM

FORTRAN IV

FORTRAN IV

FORTRAN IV

FORTRAN IV

Purpose

To compute the correction factor to be ap-
plied to the currents and angular boundary
fluxes if overrelaxation has been applied

To compute the production neutron density
and the new A and to renormalize to cor-
rect the power level after each outer itera-
tion

To compute that portion of the source that
remains fixed within the inner iterations
Contains the inner iteration loop and conver- .
gence tests

To look up the within-group-scattering cross
section and the total collision-loss cross
section

To compute the angular fluxes and the new
scalar flux and current

To give restart and flux and current binary
card dumps

To punch data in absolute binary (maximum
of 22 words per card)

Used by BCDUMP

To’give the output after the final outer itera-
tion consisting of integrated quantities and
the production rate, fluxes, and currents

To set up to give the activity and averaging
tables

To read in output identification maps to be
used by TABLES

To call subroutines required and to list the
results for the tables requested

To compute sums of activities and fluxes
over the output regions requested
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Deck name Language Purpose

AVERAG FORTRAN IV To compute flux-weighted average cross sec-
tions
COLAPS FORTRAN 1V To compute flux-weighted collapsed-group

cross sections

The fifth overlay is as follows:

EDIT FORTRAN IV To compute activities, flux integrals, and
average activities for a specified cross sec-
tion and over specified groups and regions

Also, it should be noted that the Lewis Monitor System has the following off-line
printer carriage control characters to be included as the first character in a format
statement:

J Single space before printing rest of line.
K Double space before printing rest of line.
L Triple space before printing rest of line.
+ Space suppress.

$ Punch the line instead of print.

Print and punch this line.

For the first four control characters, the character must be counted as one of those
being printed, but for the last two, the format is given as if the control characters were
not a part of the format statement. The last control character is actually * followed by
a blank to make up the complete control symbol. If these characters are not available in
the operating system to be used, then other FORTRAN IV statements must be included in
the program, particularly the PUNCH statement must be included if punched output is de-
sired.
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APPENDIX D
LISTING OF PROGRAM DECKS

$IBFTC TDSN DECK
C
C PROGRAM TDSN IS A TWO DIMENSIONAL S(N) TRANSPORT CODE.
C
C
C
C
C
C
C
C THE COMMON STATEMENTS
COMMON X
COMMON /CALLYY KCHAIN, KEND s KEFN
COMMON /CALL2/ KBCRED
1 KREG KALC» KGEQD» KBBC, KTBC, KLBCy
2 KRBC» NSNs NG NZ»
3 NRs NTYPS, NMAT LBUCK » KCTYP,
4 KS150, KGSTs KCTRs KCGG KDREAD s KFLUXT s
5 ITMIMX » ITMIGM, NZONER» NZONEZ»
6 KACCEL, KALC1, NFNy N2N, I TMPRT,
7 KBCDUP » KACAV, KGAVE s KNIP, KEDITs
8 GLAM, EIGEN, EPS, XNF »
) RYF o TIMAX, CALCl, OMEGA OMEGAP
COMMON /CALL3/
1 HZ» HY» BFf
2 KCA» KCF o
3 KONV s KFINSH, KASOR» KUPS,
4 NBF, ND», NGP1s NZP1, NRP1»
5 N1J, NTYNG, NDNZ » NDNR , NDNIJs NDNZNG»
6 NXN2Ss NAR» NCs NI1JG, NBUCK s
7 1TMAS ITMI, ITMIST, ITMIGX ITDy
8 NEGSCR LLZSAVs
9 TIMEX, TIMEZ, SDGFGls SCALUP
COMMON /CALL4L4/ EPGy EPGX s EPGMy EPGMP
1 OMEGAS, DMEGPS s
2 EXTRAl, EXTRA2, EXTRA3 EXTRA4, EXTRAS»
3 KXTRALl, KXTRA2, KXTRA3 KXTRA%4 KXTRAS
COMMON /COUTER/ KDRy KDZ, KMR, KW
1 KNI, KND» K180, KWHITE KNOR »
2 KNORUP o KNZRs KNR KJRR KJZR
3 KNZ
COMMON /CINPT1/ LKI» LKE, LFGy LKFy
1 LKAS LAG» LFNGs LSGy LASGy LBNLG,
2 LSCGs LSDGs LSING, LXNG LJRG, LJZGy
3 LXNBs LHNLG, LVNLG) LXNLG» LBUC, LMXVAR
4 LAR LAZ» LR LRM, LRA, LRAV,
5 LCT, LCGG LCGGA, LS1S0, LSTy LARSO,
& LAZSO, LARST, LAZST, LCUPS LESIJUM, L.DC,
7 LNM, LTVLK, LDELZ, LZs LLDRy LDZ,
8 LMR, LWs LNI, LNO, LN2N
COMMON /CINPT2/ LMA, LV, LF LNN,
1 LNA, LJRN, LJZN» LJRA, LJZA, LJRR,
2 LJZR L180s LNOR LNR, LNORUP s LNZR
3 LNZ LNOSUP, LNZS» LNOS, LN
4 LJR LJZ LC» LNBUC,»
5 LWHITE, LBCDUP, LMID LNMI,
6 LNMR» LRMI» LDZ1s LCl,
7 LSTG LNORM,
8 LNMRA, LNMZA, LIDM, LIDMAP,
9 LIDGP
COMMON /CINPT3/ LAST1 LAST2,

n



T2

1

LAST3» LAST4, LAST

C
C
C THE DIMENSION STATEMENTS
DIMENSION X(17500)
C
C
C
1000 KCHAIN=1
C
1100 GO TO (11055120591305,51405,1500)s KCHAIN
C
1105 CALL INPUT
GO 70 1100
C
1205 CALL OUTER (X{LKI)sX(LKE)s X{LMA) s X(LC) s X(LDR) s
1 X{LFG)YsX(LF)s X(LNOS)sX(LNOSUP) oX(LNZS)sXILN}sX(LJR)
2 X(LJZ) XILV)sX(LAR) s X(LAZ) s X(LDELZYs X (LKF)sX{(LKAS)
3 X(LAG) s X{LFNG) »X(LSG) s X(LASG) »X(LSCG) sX{LSDG) s X(LSING) 9 X{LXNG) »
4 XILXNB) 9 X (LHNLG) s X({LVNLG) s X {LXNLG) » X(LCT) s X(LCGG) s X(LCGGA) »
5 XCLTVLK) 9 X(LSISOY s X(LST) s X{LARSO) s X (LAZSO) s X (LARST) s X(LAZST )
6 X(LDCyy X{LBNLG) X(LCUPS) s X(LN2NY X{LNM) X{LNN) »
7 X{LNAY X(LJRN) 9 X TLJZN)Y o XTLIRA) 9 X(LJIZA)Y
8 X(L180), X(LBUC) s X{LNBUC) s XILMXVAR} »
9 X{LESTUM) )
C
C BCDUMP OF THE PROBLEM,
C
1250 CALL DUMPBC
GO TO 1100
C
1305 CALL OUTPUT (X(LMA), X(LFG) 9 X(LF )
1 X(LN)s XULJRIsX({LJIZ)» X(LV)
2 X{LKF) s X{LKAS) » X{LAG) o X (LFNG) s X(LSG) s X(LASG) 9 X({LSCG)»
3 X(LSDG) s X {LSING) s X(LXNG) s X (LJRG) s X(LJIZG)} s X (LXNB) s X (LHNLG) »
4 X{LVNLG) 9 X{LXNLG) s X (LBNLG) » X{LSTG)»
5 X{LNORM) » X(LBUC)
6 X(LMXVAR) s X (LESTUM) )
GO 7O 1100
C
1405 CALL TABLES [X{LMA)sX(LC)s X(LN2N)» X(LN) s X(LJUR) $X(LJIZ)
1 XLV, XI{LNMRA) o X (LNMZA) s XILIDM) sX(LIDMAP), X(LIDGP) )
C
1500 IF (KEDIT) 10C0,1000,1505
1505 IF (KEDIT~10) 1510,1000,1000
1510 CALL EDIT (X(LMA) sX(LC)sX(LN)yX(LV) )
GO TO 10C9
C
C
C
END




SIBFIC INPUT

OO0 O

CONOVMPWUN~

VONCWVNDWN -

WA -

1
2
3

T NOC PN~

1
2

DECK

SUBROUTINE INPUT

SUBROUTINE INPUT IS THE OVERLAY {OR CHAIN) SUBROUTINE OF TDSN
THAT READS IN THE INPUT PARAMETERS, COMPUTES OTHER PARAMETERS,
AND CALLS THE READSV,

THE COMMON STATEMENTS

COMMON

COMMUN

COMMON
KREG,
KRBC,
NR»
KSISO.

KACCEL .
KBCDUP .

RYF.
COMMON

KONV,
NBF,
NIJ,
NXNZS.
1TMA,

TIMEX,
COMMON

COMMON
KNI,
KNORUP

COMMON
LKAS,
LSCG,
LXNt,
LAK
LT,
LAdSUL
LM,
L"R .

COMMON
LNA,
LJZR,

X
/CALLL/
7CALL2/
KALC,

NTYPS,
KGST,

KALC 1.
KACAV,

TIMAX,.
JCALL3/

KFINSH,
ND,
NTYNG,
NAR,
I1TMI,

TIMEZ,
/CALL4/

EXTRAL,
KXTRAl,
/COUTER/
KNG »
KNZR,
KNZ
fCINPTL/
LAG,
LSDL"
LHNLG.
LAz,
LlGUy
LARST
LTVLK,
Lin,
J/CINPT2/

KCHAIN,
KBCRED .,
KGEO,

NMAT,
KCTR,
ITMIMX,
NFN,
KGAVE »
GLAM,
CALC1,

HZ,

KASOR,
NGP1l,
NDNZ
NC »
1TMIST,
NEGSOR,

EPGe
OMEGAS,
EXTRA2,
KXTRA2,
KDR »

KNR o

LKI,
LFNGs
LSING,
LViLG
LR
LCGGA
LALST,
LOELZy
LNI»
LMA,
LJIN,
LNOR,

SETUP,

AND FISION SUBROUTINES.

KEND,

KBBC.
NSN,
LBUCK,
KCGG o
ITMIGM,
N2N,
KNiP,
EIGEN,

HY

KUPS
NZPl,
NDNR,
NLJGy
ITMIGX »

EPGX,
OMEGPS,
EXTRA3,
KXTRA3,
KDZ,
K180,
KJRR o

LKE,
LSGy
LXNG »
LXNLG »
LEM,
LS1Su,
LLUPS,
Ly
LNO,
LV,
LJRA,
LNR,

KEFN

KTBC,
NG

KDREAD,
NZONER,

KEDIT,
EPS,
OMEGA,

BF»
KCA,

NRP1,
NONIJ,
NBUCK ,
17D,
LISAV,
SDGFG1l e
EPGM,

EXTRA4,
KXTRA% +
KMR,
KWHITE,
KJZIR,

LFG,
LASG,
LJRG,
LBUC,
LRA,
LsT,
LESTUNM,
LDR,
LNZN
LF
LJZA,
LNORUP,

KLBC,
NZ,
KCTYP,
KFLUX1,
NZONEZ,
ITMPRT,

XNF »
OMEGAP

KCF,

NDNZING,

SCALUP
EPGMP,

EXTRAS,
KXTRAS
KWe
KNGR

LKF,
LBNLG,
LJZGe
LMXVAR,
LRAV,
LARSI()y
LECy
LDZy

LNN,
LJRR,
LNZR,
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3 LNZo LNUSUP, LNZS., LNOS, LN,
4 LJR LJz, LC, LNBUC,
5 LWHITE., LBCOUP, LMID, LNMI,
6 LNMR, LRMI, LDZ1, LCl.,
7 LSTG, LNORM,
8 LNMRA, LNMZA, LIDM, LIDMAP,
9 LIDGP
COMMON /CINPT3/ LASTL, LAST2,
1 LAST3, LAST4, LAST
COMMON /CSETUP/ KALCPL, AVF . Pl GLAMP,
1 EXTRP
C
C THE DIMENSIUN STATEMENTS
DIMENS{ON X{17500)
OIMENSION TITLEL14)
C
c
C THE FURMAT STATEMENTS
100 FORMAT (1HI1)}
101 FORMAT (1HL)
102 FORMAT {1HK)
103 FORMAT (1H )
104 FORMAT ( 1HL,21HPROGRAM STOP AT KEFN=,18)
105 FORMAT (11.1X+14A5)
106 FURMAT (2X+14A5)
107 FORMAT (1HL «6X» THKBCRED=,12)
108 FORMAT { 1HL29HPROGRAM SIZE EXCEEDED. LAST=,18,32H WITH 17500 ST
10RAGES AVAILABLE.)
110 FORMAT (7]10)
111 FORMAT (T7116)
112 FURMAT (7E10.6)
113 FORMAT (7€l16.8)
114 FDRMAT (2E16.8,48X.2116)
115 FOURMAT (5£10.6,2110)
120 FORMAT ( 1HL ¢ 1OXs4HKREG s 12X+ 4HKALC 412X +4HKGED, 12X+ 4HKLBC+ 12X,
1 4HKRBC 4 12X+ 4HKBBC + 12X+ 4HKTBC)
121 FORMAT { 1HL s 11X o3HNSNy L14Xe 2HNG +14X92HNR ¢ 14X s 2HNZ s 12X ¢ 4HNMAT » 11X,
1 SHNTYPS 13X, 3HNZN)
122 FORMAT [ 1HL+9XsSHKCTYP, 11X ¢SHKSISOs 12X +4HKGST 12X ¢ 4HKCTR 412X
1 4HKLGGo11Xs SHNBUCK »11X» SHLBUCK)
123 FORMAT ( 1HL+8X+ 6HITMIMXs 10Xy 6HITMIGM 10X s 6HNZONER10X s 6HNZONEZ
1 10Xy 6HKDREAD s LOXy 6HKFLUXI 11X+ 5HKALCL)
124 FURMAT ( 1HL+8Xo6HITMPRT 10X, 6HKBCDUP+11X +SHKACAV 411X ,5HKGAVE,
1 12X+ 4HKNIP 411X+ 5SHKEDIT)
125 FORMAT ( 1HL ¢ 10X+ 4HGLAMs 11X, SHEIGEN 13X +3HEPS s 13 X¢3HXNF 4 13X+ 3HRYF,
1 11Xe SHTIMAX« 11X SHCALCL)
126 FOKMAT (1HLy12Xs2HHZ s 14X, 2HHY 5 14X 42HBF)
127 FORMAT ([ 1HL +9X+SHOMEGA LOX ,6HOMEGAP 58X ¢ 6HKACCEL 4 12X s 4HKUPS)
131 FURMAT (1HL 10X +4HLAST s 11X ¢SHLASTL 411X e5SHLAST2411X¢5SHLAST3 411X,
1 SHLAST4)
C
C
C
C READ INPUT PARAMETERS.
o
1000 WRITE (6+100)
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1005

1010

101>

1016

1019

READ (5,105) NTITLE, (TITLE(I), I=1414)

WRITE (6,106) (TITLE(]l)s I=lsl4)

IF (NTITLE} 1005.1005.1010

READ (5.,110) KBLRED

WRITE (6.107) KBCRED

IF (KBCRED) 1020.1020.1015

ITEMP=KBCRED

CALL BCREAD (KREGSLAST)

KBCRED=ITEMP

CALL BCREAD (X(1).X{LBCDUP))

IF (KBCRED-2) 1100.1016.1016

READ [(5,110) ITMIMX.ITMIGM

READ (5+115) EPS+TIMAX+OMEGA+OMEGAP ¢ TEMP s KACCEL » KUPS
If (KBCRED-3) 1C60,1019,1060

READ (5¢110) ITMPRT,KBCDUP +KACAVKGAVEKNIPKEDIY

GO TO 106C

1020 READ (5+110) KREG+KALC+KGEOSKLBC,KRBC+KBBC,KTBC,

1
2
3

NSNeNGe NRyNZ ¢ NMAT 4NTYPSeNZN,
KCTYP+KSISO+KGST s KCTR ¢ KCGG ¢ NBUCK ¢+ LBUCK »
ITHIMX, I TMIGMyNZONER ¢ NZONEZ s KDREAD ¢ KFLUXI +KALC1

READ (5.112) GLAMEIGEN+EPSsXNF,RYF ¢TIMAX.,CALCL
READ (5.115) OMEGA,OMEGAP » TEMP 4 TEMP +TEMP ,KACCEL . KUPS
READ (5,110) ITMPRT4KBCDUP,KACAV,KGAVE.KNIP,KEDIT

NBF=1

I+ (NBUCK) 1025,1060,1060

READ (5,112) HZ.HY.BF

IF (BF—0.1E-07) 1035,1035,1040
BF=1.8137994

NBF=NR

IF (NZ) 1060,1060,1045

GO TO (1050.1060.1060). KGED
NBF=NBF%NZ

IF (ITMIMX) 1065, 1065,1070
ITMIMX=4000

IF (ITMIGM) 1075,1075,1080
1TMIGM=20

IF (TIMAX-0.1E-07) 1085,1085.,1100
TIMAX=1.5

WRITE INPUT PARAMETERS.

WRITE (64120)

WRITE (64111} KREGyKALC»KGED+KLBC s KRBC ¢ KBBC 4 KTBC
WRITE (64121}

WRITE (641110 NSN.NGsNR,NZNMATsNTYPS,N2N

WRITE (64122)
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1105

[eX2Xgl

1125
1130
1135
1140

1150
1155
1160
1161

1165
1170

1175

1177

1180

1181
1185

1l8b

1189

WRITE (64111)
WRITE {64123)
WRITE (6.111)
WRITE (6,125)
WRITE (o6e113)
WRITE (6,127}
WRITE {o6s114)
WRITE (6,124)
WRITE {64111)
If (NBF—1) 112
WRITE (6,126)
WRITE (64113)
NBUCK=0

KCTYPoKSISOsKGST,KCTR,KCGG e NBUCK,LBUCK

ITMIMX+ ITMIGM¢NZUNE RyNZONEZ yKDREAD 4KFLUX T, KALCL
GLAM,EIGENSEPS, XNF,RYF,TIMAX,CALC]

OMEGA UMEGAP 4KACCEL ,KUPS

ITMPRT ,KBCOUP +KACAV s KGAVE » KNI P,KEDIT
5:1125+1105

HZ+HY +8F

TO COMPUTE OTHER PARAMETERS.

If (IABSI{KACCE
OMEGA=1.0
OMEGAP=1.0
OMEGAS=UMEGA-1
CMEGP S=0MEGAP-

IF (KBCRED) 11
GU TO (1160,11
IF (NZ-1} 1161
ND=NSN+1

GO TO 117¢
ND=(NSN*¥(NSN+4
NGP 1=NG+1

NRP 1=NR+1
NONR=ND*NR
NDNRNG=NDNR®NG
LZISAV=Y

IF INZ-1) 1180
AVF=2.0

IF (KTBC) 1181
NXNZ S=NDNRNG
LZSAV=1

GO TO 1185
AVE=1.0

NZ=1

NXNZS=1
NIJ=NR*NZ

NZP L=NZ+1
NAR=NRP 1¥NZ
NTYNG=NTYPS*NG
NONZ=ND*NZ
NONIJ=ND*NI1J
NDNZNG=NDNZ*NG
NC=NTYNG*NMAT
NIJG=N1J*NG

IF (NBUCK) 118
NBUCK=NMAT=NG

KEND=0
KEFN=118Y9

L)-1) 113001135,1140

«0
1.0
555115541240

65,1161)» KGEOD
v1165+1165

1)/74

+11180,1175

+ 118141177

9,1189,1186
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1190

1191

1192

1193

11186
11187
11188
11189
11190

11191
11192

11193

11194
11195

1TMIST=0
ITMA=0
KCA=KCTR-2
KCF=KCTR-1
EPGM=0.0

LUCATION OF VARIABLES IN INCLUSIVE X ARRAY.

1Kl=1

LKE=LKI+NGP1

LFG=LKE+NGP 1L

LKF=LFG4NGP L

LKAS=LKF+NG

IF (KS1S0) 1191.,1191.,i192
LASG=LKAS+]

LJRG=LASG+1

LJZG=LJRG+1

LAG=LJZG+1

GO TO 1193

LASG=LKAS+NG
LJRG=LASG+NG
LJZG=LJRGHNG

LAGL=LJZG+NG

LFNG=LAG#NGP1

LSG=LFNG+NG

LSCG=LSG+NGPL
LSDG=LSCGNGPL
LSING=LSDG+NGP1
LXNG=LSING4NGP1
LXNB=LXNG+NGP 1
LHNLG=LXNB+NGP1

IF {NZ—-1) 11186,11186,11187
LVNLG=LHNLG+]

GO TO 11188
LVNLG=LHNLG+NGP 1
LXNLG=LVNLG#NGP1
LBNLG=LXNLG#NGP 1

IF (NBUCK) 11189,11189,11191
If (NBF-1) 11196,11190,11191
LMXVAR=LBNLG+1

GO TO 11192
LMXVAR=LBNLG+NGP L
LESIJM=LMXVAR+NG
LBUC=LES1JM#NG

IF (LBUCK) 11194,11193,11194
LOR=LBUC+]
GO TO 11195
LDR=LBUC+NG
KDR=1
LOZ=LDk+ND
KOZ=KDR +ND
LMR=LDZ+ND
KMR=KDZ +ND
LW=LMR+ND
KW=KMR+ND
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1194

1195
1196

1197
1198

1199

1200
1201

111917

11198

11199
L1200

11201
11202

[aNaXal

LNI=LW+ND
KNI=KW+ND
LNO=LNI+ND
KNO=KNI+ND

LNOSUP=LNO+NU

IF (NZ-1) 1194.1194,1195
LNZS=LNOSUP+]

GJ TO 1196
LNZS=LNOSUF+NDNZNG
LNOS=LNZS+NXNZS
LN=LNDS+NDNZING
LIR=LN+NIJG

IF (KSISO) 1197,1197,1199
LJdZ=LJR+1

LN2N=LJZ+1

GU TO 1201

LJZ=LJR+NIJG

IF (NZ-1) 1198,1198,1200
LN2N=LJZ+NI1JG
LCUPS=LNZN+NMAT*NG

IF {{KCTR+1)-KCGG) 11198,11197,11197
KUPS=0

LNBUC=LCUPS+1L

GU TO 11199
LNBUC=LCUPS+NMAT®NG

IF {NBUCK) 11200,11200,11201
LAR=LNBUC+1

GU TO 11202
LAR=LNBUC+NBUCK
LAZ=LAR+NKP1
LR=LAZ+NR
LRM=LR+NRP1
LRA=LRM+1]
LRAV=LRA+NRP1
LDELZ=LRAV+NR
LZ=LDELZ+NZ

LMA=LZ+NZP1
LV=LMA+NIJ
LF=LV+NIJ
LC=LF+NIJ
LBCOUP=LC#NC-1

LCT=LC+NC

LCGG=LCT+NR

LSISO=LCGG+NR
LST=LSISO+NIJ

LDC=LST+NR

LNM=L DT +NK

LTVLK=LNM+NK

LCGGA=L TVLK+NBF

IF (KS1SU) 1202.1202,1204




1202

1203

1204

1205

1206

1207

1208

1209

1210

1211

11211

11212

11213
1212
1213
1214

1215
1216

1217

LARSO=LCGGA+]
LARST=LARS0+1
LAZSU=LARST ¢1
LAZST=LAaZS0+1
LJRA=LAZST+]

GU TO 1206
LARSO=LCGGA+NR
LARST=LARSO+NIJ
LAZSO=LARST +NR
1F {NZ-1) 1203.1203,1205
LAZST=LAZSO+NIJ
LJRA=LAZST+NR

IF {KS1SO) 1207.1207,1209
LJRN=LJRA+1

LJIN=LJRN+1

LJZA=LJIIN+]

LNN=LJZA+]

60 10 1211

LJIRN=LJRA+NIJ
LJELN=LJRN+NI1J

IF (NZ—-1) 12G8+1208,1210
LIZA=LJIZN+NTY
LNN=LJZA+NLJ

LNA=LNN+NIY

L18U=LNA+N1J

K180=1

IF (KBBC—-4) 11211,11212,11211
LWHITE=L 180+1
KWHITE=K180+}

GO TO 11213

TEMP=NSN

TEMP=TEMP/2.0
TEMP=TEMP+0.1

ITeMP=TEMP
ITEMP=NR*]1TEMP
LWHITE=L1&60+1TEMP
KWHITE=K180+ITEMP

If LKRBC-3) 1212,1213+1212
LNURUP=LWHITE+]
KNORUP=KWHITE~+1

GO TO 1214
LNORUP=LWHITE#NZ
KNORUP=KWHITE+NZ

IF (XRBC) 1215,1215,1220
IF (KT8C) 1216,1216,1220
LNZR=LNGRUP+1
KNZR=KNURUP +]
LNDOR=LNZR+]

KNOR=KNZR+1

LNR=LNOR+1

KNR=KNGR+1

LJRR=LNR+1

KJRR=KNR+1

LJZR=LJIRR+]
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1218

1219

1220
1221

1222

1223

1224

1225

1226

1227

1228

1230

1231
1232

1233
1234
1235

1241
1242

KJZR=KJRR+1

LNZ=LJZR+]

KNZ=KJZR+1

IF (N2-1) 1219+,1219,1228
LAST2=LNZ+1

GO TO 1230

IF (NZ-1) 1221.1221.1223
LNZR=LNORUP +1
KNZR=KNORUP+1
LNOR=LNZR+1

KNOR=KNZR+1

GO TO 1225
LNZR=LNGORUP+NDNZ
KNZR=KNORUP+NDNZ

IF (LZSAV) 1222+1222,1224
LNOR=LNZR+NDNR
KNOR=KNZR+NDNR
LNR=LNOR+NDNZ
KNR=KNOR+NDNZ
LJRR=LNR+NIJ
KJRR=KNR+NIJ

IF {KSISO) 1217+.1217,1226
LJZR=LJRR+NIJ
KJZR=KJRR+NIJ

IF {NZ-1} 1218.1218,1227
LNZ=LJZR+NIJ
KNZ=KJZR+NIJ
LAST2=LNZ+NDNR

NMXZON=NZUNER

IF (NZONEZ-NMXZON) 1232,1232,1231

NMXZON=NZONEZ

LMID=LCT

LNMI=L MIO+NMXZON
LNMR=LNMI+NMXZON

1F (KFLUXI) 1235,1235,1233
1f {NMXZON-5) 1234,1235.,1235
NMXZUN=5

LRMI=LNMR+NMXZON
LDZ1=LRMI+NMXZON
LCLI=LDZ1+INSN/2)+1
LASTLI=LC1+NGENTYPS

LSTG=LARSD
LNORM=LSTG+NGP L
LAST3=LNURM+NIJ

LNMRA=LCT

IF (KACAV) 1244,1241,1244
IFf (KGAVE) 1242,1242+1244
LNMZA=LNMRA+]
LIDM=LNMZA+]
LIOMAP=L1DM+]




LIDGP=L IDMAP+1
1243 LAST4=LIDGP+]
GO YU 1250
1244 LNMZA=L.NMRA+50
LIDM=LNMZA+30
LIDMAP=LIUM+50
LIDGP=L IDMAP+NIJ
IF (KGAVE) 1243,1243,1245
1245 LAST4=LIDGP NG

(X g}

1250 LAST=LAST]

IF (LAST-LAST2) 1251+125241252
1251 LAST=LAST2
1252 IF (LAST-LAST3) 1253,125441254
1253 LAST=LAST3
1254 IF {LAST-LAST4) 1255,1260,1260
1255 LAST=LAST4
1260 WRITE (6.131)

WRITE (64111) LAST,LAST1,LAST2,LAST3,LASTS

IF [LAST-17500) 1275.1275,1261
1261 WRITE (6.108) LAST

KEND=1

KEFN=1261

GO TO 1450

[zXaNa)

1275 CALL TIMELI(TIMEX)
KALCP1=KALC+1

READ INPUT SUBSCRIPTED VARIABLES.

(aNaNy

1300 CALL READSV {
} XELKI) « XELMA) s XULC) o X(LDR) ¢ X{LDZ) o X{LW) ¢ XCLNOS) o X(LNOSUP),
2 XCLNZS Yo XCLND o XULJR) 9 X(LJZ) 4 X(LBUC) + X(LNBUC)e X{LCUPS)oXI(LN2N),
3 X{LMID) s XILNMI ) o X{LNMR) ¢ X{LRMI } o X(LR) 4 X{LZ), X{iCl) }
IF (KEND) 1350.1350,1305
1305 WRITE (6,104) KEFN
KEFN=1305
GO TO 145C
C
C SETUP QUANTITIES NEEDED FOR EVERY I TERATION.
1350 CALL SETUWUP X(LKI D), X(LKE), X{(LMA),
1 X{LV) o XELARD o X{LAZ) s XCLDELZ) o X (LDR) 4 X(LDZ) ¢ X{LMR) oX (LW},
2 X{LR)I o X{LZD o XCLRM) ¢ X(LRA} 4X{LRAV), X{toz1) )
IF (KEND) 1360,+1360,1355
1355 WRITE (6,104) KEFN
KEFN=1355
GO T0 1450
1360 IF (NZ—-1) 1400,1400,1365
1365 LZIP=LZ+NZ
IF (HZ-0.1E-07) 1366,1366,1400
1366 IF (K8BC) 1370,1370.,1375
137G HZ=Xx(LZP)
G0 TO 140C
1375 HI=2.0%X{(LZIP)

(g aNgl

1400 KCHAIN=2
RETURN

IF KENC=1

(s NaXal

1450 WRITE (64+104) KEFN
KCHAIN=1
RETURN

END
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$IBFTC REACSV LECK

[« XskakalsiaNakeXakaKgl

SUBRUUTINE KEADSV { XKls MA, Cs DRy DZ,
1 XN» XJRe XJZ» BUCLLKs BUCKG. CuPS,
2 MIDyNMT JNMRyKMIWR,ZsC1)

SUBROUTINE READSV OF SUBROUTINE INPUT GF
INPUT SUBSCRIPTEU VARIABLES.

THE CUMMON STATEMENTS

COMMON /CALLLYY/ KCHAIN, KEND »
COMMON /CALL2/ KBCRED
1 KREG KALC KGEQ, K3BC
2 KRYC o NSN .
3 NR o NTYPS, NMAT, LBUCK,
4 KSISU, KGST, KCTR, KCGG
5 1TMIMX . I1TMIGM,
[ KACCEL » KALC1, NFN o N2Ns
7 KBCDUP » KACAV, KGAVE » KNIP,
8 GLAM, EIGEN,
9 RYF, TIMAX, CALCL.
CCMMON /CALL3/
1 HZ, HY,
P4
3 KUNV » KFINSH, KASOR ¢ KUPS,
4 NBF . NDs NGP1, NZPLl.
5 NIds NTYNG, NONZ. NDNR »
6 NXNZS, NAR NC NI JG
7 1TMA, 1TMI I TMIST, ITMIGX,
] NEGSOR
9 TLAEX TIMELZ
CCMMUN JCALLG/ EPG. EPGX.,
1 UMEGAS OMEGPS,
2 EXTRAL, EXTKAZ . EXTRA3,
3 KXTRAL, KXTRAZ KXTRA3,
THE CIMENSION STATEMENTS
DIMENS IUN XKICL) MA({Ll).,
1 DR{L) DZ{l1}.
DIMENS TUN XNUS{L) XNOSUP(11}
1 XN(L)s XJRUL)»
2 BUCLKLL), BUCKG(L) .
3 CNZN(L)
DIMENSICN MIU(L ) NMI (1),
1 RMI(L)y REL)
DIMENS IUN crel)

THE FORMAT STATEMENTS
105 FURMAT (1+ )
11y FURMAT (7110)
112 FURMAT (7t10.6)

ws XNOSs XNOSUP, XNIS,
CN2N,

TDSN IS TO READ THE

KEFN

KTBC, KLBC,

NG » NZ,
KCTYPy

KUREAD, KFLUXT

NZONER NZUONEZ,
I TMPRT,

KEDIT,

EPS, XNF,

OMEGA UMEGAP

BF

KCA, KCF»

NRPL,

NONIJ. NONZNG,

NBUCK »

ITD,

LZSAV,

SDGFGL ., SCALUP

EPGM, EPGMP,

EXTRA4, EXTRAS,

KXTRA4, KXTRAS

C(l},

Wil)

XNZS(1l),

XJZ(L)y

CUPS(1),

NMR(1)

Zil)
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C

113 FORMAT (7E16.8)

114 FORMAT (I15,E1046415)

115 FORMAY ([16,E16.8,116)

116 FORMAT (4013}

118 FORMAT (I15+E10.6¢15¢E1026415:E1Ce6215:E10.6+15+E10.6)
119 FORMAT ( LHL,35HTOO MANY VALUES FOR FLUX XN READ IN ]

120 FORMAT ( 1HL +2Xs45H NMI{I) RMI(I) MID(1) H

121 FORMAT (1HL,56HTHE FIRST DIRECTION MESH CELL BOUNDARY POSITIONS (R
HNR) D)

122 FORMAT {LHL,STHTHE SECOND DIRECTION MESH CELL BOUNDARY POSITIONS (
1Z{NZ)))

123 FORMAT ( 1HL+28HTHE MATERIAL MAP (MA(NZ,NR}})

124 FORMAT (1HL,30HTHE FISSION SPECTRUM (XKI(NG}I))

125 FORMAT (1HL,37HTHE CROSS SECTIONS (C{NMAT,NG,NTYPS)))

130 FORMAT (6FL12.7)

131 FORMATY ( 1HL, TUHTHE MATERIAL INDEPENDENT EFFECTIVE BUCKLING CROSS S
LECTIONS (BUCLKING)))

132 FORMATY (1lHL,73HTHE MATERIAL DEPENDENT EFFECTIVE BUCKLING CROSS SEC
LTIONS {(BUCKGINMAT,NG)})

134 FORMAT (1HLS7THIHE OUT SCATTERING REMOVAL CROSS SECTIONS (CN2NINMA
LTeNG)))

135 FORAMAT {6Xe2HN=yI5)

THE INTEGER FUNCTIONS
INDEX{LENGTH, INDEXO,INDEXL)=LENGTH*{ INDEXO-1)+INDEXL

10u0 IF (KBCRED) 1001.1001+1040
1001 WRITE (6.120)

DO 1005 I=1.NZONER

READ {5,114) NMRUL1),RMI(I)MID(D)
1005 WRITE (69115) NMRUI).RMI(]1)MIDII)

1010 I=1
Ii=1
R{I1)=0.0
DELR=RMI{ 1}
GO TO 1020
1015 DELR=RMI(I}-RMI{I-1)
1020 VMI=NMR{I)
DELR=BELR/VMI]
12=0
1025 12=12+1
IF ([2-NMR{1)) 1030,1030,1035
1030 IlMl=11
11=11+1
R{11)=R{IIM1)+DELR
MA(ILIML)=MID(D)
GO TO 1025
1035 I=1+1
[F {I-NZONER} 1015,1015+1040
1040 MRITE (6.121)
WRITE (6+,113) (RUI)e I=1.NRP1)

1050 IF (N2—-1) 1180,1180,1055
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1055
1060
1065

1070

1100

1105

1110

1115

1120

1125

1130

1165

1170

1175

1180

If (KBCRED} 1060, 1060,1140
IF (NZONEZ-1) 1065,1065,1100
I1=NR

DO 1070 J=2+NZ

DO 1070 I=1.NR

11=11+1

MA(TLl)=MA(])

WRITE 164120}

DU 1105 J=1,N20NEZ

READ (541140 NMI{J).RMI{J)
WRITE (6+115) NMI(J),RMI{J}

2Z1111=0.0

DELR=RMI{J)

GO T0 1120
DELR=RMI{J)-RMI(J-1)
VMI=NMI(J)}

CELR=DELR/VMI]

12=0

12=12+1

IF (12-NMI{J)} 1130,1130,1135
IiMl=11

Il=11+1

Z(11)=2111M1)+DELR

GO TO 1125

J=Jd+l

IF (J-NZONEZ)} 1115,1115,1140
WRITE (6,122)

WRITE (6,113) (Z(Jd)s J=14NZP1}

IF (KBCRED) 1155,1155,1180
IF {NZUNEZ-1) 1180.1180,1160
K=0

J=0

DO 1175 JJU=1,NZONEZ

REALC (5.11C) {MID{I}, I=1,NZONER)
K=K+NMI{JJ)

J=Jd+l

1=0

D0 1170 1I=1+NZONER
L=NMRIII)

DU 1170 KK=1,L

I=1+1

IJ=INDEX{NRsJ+ 1)
MA{1J)=MID(11)

IF (J-K) 1165,1175,11175
CONTINUE

WRITE (64123)
DO 1185 J=1.NZ
{J=INDEX{NRJ+ 1)




(o X al

[N o

1185

1200
1205
1210

1250
1255
1260
1265
1270
1300

1305

1310

1315

1316

1317
1318

1319
1320

1321
1322

1323

K=INDEX(NRsJsNR)
WKITE (6,116) (MA(L), I=1J,.,K)

IF (KBCRED} 1205,1205,1210

READ (5.112) (XKILIG)e 1IG=14NG)
WRITE (64124}

WRITE (6,113) (XKI{IG), IG=1,NG)

IF (KBCREG) 1255,1255,1375
IF (KDREAD) 130C,1300,1260
READ (5,112} (DR(M), M=1,ND)
IF (NZ-12 1270+1270,1265
READ {5,112) (DZ(M), M=1,ND)
READ {54112) {W{M}, M=1,ND)

IF (KCTYP-1) 1375+1305,1355

WRITE (6.125)
NTYPS1=NTYPS-1
KUP=KCGG-(KCTR+1)
DO 1350 N=1.NMAT
WRITE (64135} N
L=0

DO 131C IG=1+NG
DO 1310 K=1,NTYPS
Lt=L+1

CliL)=0.0

DO 1325 1G=1eNG

K1=INDEX{NTYPS, 1Gs 1)

K2=INDEX{NTYPS, IGs4)

K3=INDEX(NTYPSs IGeNTYPS)

READ (5¢112) (Cli{K)s K=K1+K2) s TEMP,C1(K3)

WRITE (64113) (CLIK)y K=K14K2),TEMP,C1(K3)

IF (NBUCK) 1316.,1316,1315
K1=INDEXINGsN,s IG)
BUCKGIK1)=TEMP
KI=INDEXINTYPS, IGe3)
K2=INDEX{NTYPS+1GsKCGG)
TEMP=C1(K1+1}

IF ({KCGG#1)-NTYPS) 1319,1317.,1317
1F (KUP) 1318,1318.,1319
Cl{K2)=CltK1l)

GD TO 1322

IF (N2N) 1321,1321.1320
K3=INDEX{NGsN, IG)
CNZN(K3)=C1(K1)
Cl{K2)=0.0

CL{KL)=TEMP

IF {KUP) 1325.,1325,1323
CliKl+1l)=0.C
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1325

1330

1331

1332

1333

1335

1340
1341

1342

1345
1350

1355

1350

1357

1358

1359
1360
1361

CONTINUE

1F (KCGG+1-NTYPS) 1330,1340+1340
WRITE (6.105)

IGEND=NG

NGM1=NG-1

DU 1335 1G=1,NGM1

IGEND=1GEND-1

IfF {IGEND-(NTYPS-KCGG)) 1331,+1331,1332

K4=k(CGG+IGEND-1

GO TO 1333

K4=NTYPS1
KI=INDEXINTYPS.1GsKCGG)
K2=INDEXINTYPSs»IG,K4)

READ (5,112} (C1I{K), K=K1,K2)}
WRITE 164113) (C1{K), K=K1,K2)

IF (KUP) 1345,1345,1341

WRITE (6,105}

1G1=NG+1~-KUP

K3=KCTR+1

D0 1342 1G=1G1+NG
K4=KCGC+1G-{NG+1}
K1=INDEX{NTYPS.IG.K3)
K2=INDEXINTYPSsIGeK4)

READ (551120 (C1{K)s K=K1+K2)
WRITE (64113} [CLIK)s» K=K14K2)
CUNT INUE

CALL XSTDSN { N. KuP, MA, Cl+ CN2N,

WRITE (6+105)
GO TO 1315

DU 1365 N=1.NMAT
K1=INODEX{NTYNG.N, 1)
K2=INDEXINTYNGsNy,NTYNG)

READ (5,130) (C(K)s K=KleK2}
IF (KSISU) 1360,1360+1356
DU 1357 lJ=1.N1J

IF ((MA(I1J)=1}+N) 1357.1358,1357
CONTINUE

GO TO 1360

DU 1359 1G6=1sNG
K3=INDEXINTYPS,1G.KCTR)
K3=K3+1

K3=INDEX{NTYNGsNsK3)
K4=INDEX{NTYPS, iG+NTYPS)
K4=INDEX(NTYNG+NyK4)

DU 1359 K=K3,K4
ClK)I=3.0%C(K)

IF (NZN) 13€5,1365,1361
KI=INDEX(NGsNy 1}
KZ2=INDEXING+NsNC)

REAC (5+112) (CNZN(K)+ K=K1l,K2)
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[aNaXgl
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1365

1375

1376
1377
1380

1385
1386

1387

1390

1400
1401

1405
1407
1408

1415

1425
1420

1427

CUNTINUE

WRITE (64125)

DO 1390 N=1.NMAT -
WRITE (6¢135) N

DO 1380 IG=1.NG
K3=INDEXINTYPS. 16+ 1)
K4=INDEX{NTYPS, IG«NTYPS)
K1=INDEX{NTYNG.N,K3}
K2=INDEX{NTYNGsN.K4)

{F (KBCRED) 1376,1376,1380
IF (KCTYP) 1377,1377.1380
READ (5,112) (C{K)+ K=K1,K2)
WRITE (65113) (C{K), K=K1,K2)

IF (KBCRED) 1385,1385,1390
IF {(N2N)} 1349001390,1386
K2=INDEXING.NsNG)J

IF (KCTYP} 1i39041387,1390

READ (5,112) (CN2NIK)}s K=K1l,K2)

WRITE (6.105)

CALCULATING THE OUT SCATTERING {CN2N)

IF (KBCRED) 14UC, 1400, 1440
IF {N2N) 1401,1401.1425
ITEMP1=KCTR+1

DO 1415 1G=1+NG

DO 1415 M=1.NMAT
K=INDEX(NG«Ms IG)
CN2N(K)=0.C

DO 1415 N=ITEMP1.NTYPS

IF (N-KCGG) 1405,1415,1405
IGG=IG~KCGG*N

IF (166) 1415,1415,1407

IF (1GG—NG) 140b+1408.1415
K1=INDEX{NIYPSs IGG:N)
K2=INDEX{NTYNGsMeK1)
CN2NIK)I=CN2N(K)+C{K2)
CONTINUE

CALCULATING SIG UP, QUT SCATTERING (CUPS)

IF ([KCTR+1)-KCGG) 1426+145041450

ITEMPL=KCTR+1
ITEMP2=KCGG-1

00 1435 1G=1,NG

D3 1435 M=]1,NMAT
K=INDEX(NCoM.1G}
CUPSIK)}=C.C

DO 1435 N=ITEMP1.ITEMP2
IF {KREG) 1427.1427.1430
IGG=1G-KCGG+N

IF {16GG) 1435.1435,1428
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1428
1429

1430
1431

1435

1440
1441

1442
1443
1445

1450
1451
1452
1453

1455
1456
1457
1458

L459

1460

1461

1465

1466

1500

IF {1GG-NG) 142S+,1429,1435
K1=INDEX{NTYPS+1GG+N)

GO TC 1431
K1l=INDEX{NTYPS+IGyN)
K2=INDEX{NTYNGsM,K1}
CLUPSIK)}=CUPSIK)+C(K2)
CONTINUE

If (KUPS) 1450,1450,1441

DO 1445 IG=1.NG

DG 1445 M=1,NMAT

K=INDEX{NGeM, IG)

IF {ABS(CUPSIK) )—0.1E-7) 1443,1443,1442
KUPS=16

GO TO 1450

CONT INUE

CONT INUE

IF (LBUCK2} 1455,145541451

IF (KBCRED) 14524145241453

READ (5,112) (BUCLK{IG), IG=1,4NG)
WRITE (64131)

WRITE (64113) (BUCLK(IG). 16=1+NG)

IF (NBUCK) 1465,1465,1456

I&# (KBCREC) 1457,1457,1460

IF (KCTYP—1) 145641460,1458

DO 1459 N=1.NMAT
K1=INDEX{NGsNs 1}
K2=INDEX{NG,N+NG)

READ (54112) (BUCKGIK) s K=KlysK2)

WRITE (64132)

D0 1461 N=1,NMAT

K1=INDEX{NGsN,1)

WRITE (64135} N

K2=1INDEX{NGsNyNG)

WRITE (64113} (BUCKGIK}, K=K}l,K2)
WRITE (64105)

WRITE (6,134)

DO 1466 N=1.,NMAT

WRITE (6+135) N

K1=INDEX{NGIN» 1)
K2=INDEX{NG+NsNG)

WRITE (6+4113) (CN2N(K)}, K=KleK2)

LOS=0
LZS=0




1505
1506
1507

1510
1511
1512

1513
1515%
1516
1517
1514

1519

1525

1530

1535

1540

1541

1542

1543

1544
1545

1550
1551

1552
1555

1560
1561
1562
1563

15¢€4
1565

1JGS=0

D0 1590 1G=1.NG
1JGST=1JGS+1
TJGSP=IJGS+NIJ

IF {KBCRED) 1505.1505,1525
IF (KFLUXI) 1525,150651530
D0 1507 1JG=1JGST,1JGSP
XNCIJGI=1.0

IF (KSISO) 1560,1560,1510

IF (KBCRED) 1511.1511,1513

DU 1512 [J46=1J6ST,1J4GSP
XJRUIJGI=1.0

GO TO 1515

CALL BCREAD {(XJRUIJGST) o XJRLIJGSP))
IF {NI-1) 1560,1560,1516

IF (KBLRED) 1517,1517,1519

DO 1518 1JG=1JGST.IJGSP
XJZ(14G)=1.0

GU TO 156C

CALL BCREAD {(XJZUIJGST) +XJZLIJIGSP))
GU TU 1560

CALL BCREAD [XNUIJGST) s XNLLIJGSP))
IF (KSISO) 1560,1560,1510

L=0

READ (5+118) ((NMRUI).RMI{I)), I=1.,5)

I=1

IF (NMR(I)) 155041550,1541
Ll=sL+1l

L=L+NMRI( I}

IF (L=NIJ) 1543,1543,1542
WRITE (6,119)

KEND=1

GU To 1600

ITEMPLl=L1+1JGS
ITEMP2=L+1JGS

DO 1544 1JG=ITEMPL,ITEMP2
XN{IJG)=RMII(I)

IF (1-5) 1545,1535,1535
I=1+1

GU TO 1540

IF {L-NIJ) 1551,1555,1555
ITEMPL=]1TEMP2+1

00 1552 1JG=ITEMPLl,IJGSP
XN{1JG)=0.0

IF {(KSIS0) 1560,1560,1510

IF (KBCRED) 1561,1561+1590
IF (KRBC—1) 1562,1566.,1566
DO 1563 I=1,NDNZNG
XNOS{1)=0.0

IF (NZ-1) 1575,1575,1564
DO 1565 I=1,NDNING
XNOSUP{1)=0.0
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90

1566

15617
1570
1575
1576
1577

1578
1579

1580

o0

1590

[aNaNal

1600

©

GO TO 1575

CO 1570 J=1.NZ
1JG=INCEX{INZ+1G+J}
1JG=1JG%NR

DO 1570 M=1.ND

LOS=L0OS+1
XNOS(LUS)I=XN(1J4G)

IF (NZ-1) 1570.1570+1567
XNOSUP(LOS)I=XN{1JG)
CONTINUE

IF (KTBC-1) 157641578,1578
00 1577 I=1.NXNZS
XNZS(1)=0.0

GO TO 159%0

IF {NZ-1) 1590+159Cs1579
1JG=I{NZ-1)*NR
[JG=1JG+INDEX(NRs 1G+0)
DO 1580 I=1.NR

14G=1J6+1

00 1580 M=1+ND

LZS=LIS+])
XNZS{LZS)=XN{1JG)

[J6S=1JGSP

RETURN

END




$IBFTC XSTDSN LECK
SUBROUTINE XSTUSN { N. KUP, MA, Cl, CNZ2N, C )

Cc
Cc SUBROUTINE TDSNXS 1S TG OBTAIN TDSN CROSS SECTIONS FROM RP-2
(% FORMAT CROSS SECTIONS.
[
C
C
C
[
[
C
Cc THE COMMON STATEMENTS
COMMOUN /CALLY/ KCHAIN, KEND» KEFN
COMMON /CALL2/ KBCRED»
1 KREG, KALC, KGED, KBBC KTBC, KLBC,
2 KRBC» NSN. NG o NZ,
3 NRo NTYPS, NMAT, LBUCK, KCTYP,
4 KSISO, KGST, KCTR, KCGG KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
[ KACCEL . KALC1,. NFN, NZN, ITMPRT,
4 KBCOUP . KACAV, KGAVE , KNIP, KEDIT,
8 GLAM, EIGEN, EPS, XNF
9 RYF, TIMAX, CALC1., OMEGA, OMEGAP
CCMMON JCALL3/
1 HZ, HY, BF »
2 KCA, KCF,
3 KONV, KF INSH, KASOR» KUPS,
4 NBF . ND+ NGP1ly NZPL+ NRP1,
5 Nid,y NTYNG. NDNZ,» NONR » NDNIJ., NDNZNG,
6 NXNZS, NAR NC, NIJG, NBUCK ,
7 ITMA, LTMI, ITMIST, ITMIGX, 17D,
8 NEGSOR, LZSAvV,
9 TIMEX, TIMEZ, SDGFG1, SCALUP
COMMUN /CALL4/ EPG EPGX s EPGM, EPGMP,
1 UMEGAS. OMEGPS,
2 EXTRAL, EXTRAZ, EXTRA3, EXTRA4, EXTRAS,
3 KXTRAL, KXTRAZ, KXTRA3, KXTRA4, KXTRAS
[
Cc THE DIMENSIUN STATEMENTS
DIMENSION MA{1)
DIMENS ION Cltld, CN2N{1), cil)
C
[% THE INTEGER FUNCTIONS
INDEX{LENGTH, INDEXO,INDEXL)=LENGTH* {INDEXU—1)+INDEXL
C
%
Cc
1000 KCTRPLI=KCTR+1}
KUP 1=KUP+1
NTYPSL=RTYPS~1
KSI=0

IF (KS1SC) 1010,1C10,1001
1001 DO 1005 1J=1.NIJ

IF (MA{IJ)I+N) 10C2,.1003,1002
1002 IF ((HMA(1J)-1)+N) 1005,1004+1005
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1003
1004

1005

1010

1041

1012

1013

1014

1015
1020
1041

1022

1023
1025

1030

1031
1035

1040
1041

1042

KSI=—1

GO TO 101C
KSI=1

GO YO 101¢C
CONTINUE

DO 1100 IG=1.NG
L=INDEX{NTYPS,+IG,s 1)
K1=INDEX{NTYNGeNsL )
Kl=Kl-1

IF (KSI) 1011,1011,1013
K3=Kl+1
K4=K1+NTYPS

00 1012 K=K3.K4
C(K)=0.0

G0 TO 1020

K3=K1l+1
K4=K1+KCTR-1

D0 1014 K=K3.,K4
CtK)=0.0

K3=K4t2
K4=K1+NTYPS

DO LUl5 K=K3,K4
C{k)=0.0

K=K1+KCTR

IF IKSI) 1022+,1021,1025
C{KI=1.0/(3.0%CLlIL))
G0 TO 1023
K3=L+NTYPS1
CiKY¥=Cl{K3)

N1=N+1
K3=INUVEXINTYNGsN1.L)
K3=K3+KCTK-1
CIK3)=1.0/(3.0%C1(L))
CIK=1)=Cl(L+2]
CiK=2)=C1{L+1)

GO TU 1030
K2=K1+KCGLG
CiK2)=C1(L)

K3=KkCTR—3

IF (K3) 1040s1040,1031
K2=K-3

ClK2)=0.0

K2=K2-1

K3=K3-1

IF (K3) 1064C.1040,1035

K2=K1+KCGG

IF (KSI) 104141041.1C50
C(K2)=C(K)=CLiL+1)}

IF {(N2N) 1043,1043,1042
K4=INDEX{NG+N+IG)
CIK2)=C{K2)1-CN2N(K4)




1043
1045
1050

1055
1060

1065,

GO TU 1650

DD 1045 K3=KCTRPL,NTYPS1
K4=L+K3—1
CiKk2)Y=Ci{K2)-C1l(K4)

IF {1IG-NG)} 1055,1075.1075

IF {1G+KUP-NG) 1065510601060
K=K2

K3=KCTR

161=1G

L=0

KUP 1=KuP1-1

L1=0

Ll=L1l+l

//IF {L1-KUPl) 1070.1070,1075

1070

1075
1080

1085

1090

1100

o 6o 60

K=K-1

K3=K3+1

IG1=161L+1

L=L+1
K4=INDEXINTYPS,1G1.K3)
C{K)=C1l{K4)

iF (L—KUP} 1065,1075.,1075

IF (1G-1) 1100110041080
L=1

K3=KC66—-1

161=16

K2=K2+1

K3=K3+1

{G1=161~1

L=L+1
K4=INDEXINTYPS.1G1,K3)
CIK2)=Cl(K4)}

1f (IG-L) 1100+411CCs1090
IF ({K2-K1)-NTYPS) 1085,1100,1100

CONTINUE

RETURN

END
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$1IBFTC SETUP

[a¥elaEalsEalnNeNaNal el

[N el

111
113
122
130

CECK

SUEROUTINE SETUP (XKI,
1 MR o ke R Ze RM,

XKEy MA,

Vs AR,

RAs RAV, DZ1

)

A2, ODELZy OR,

SUbBKOUTINE SETUP CUMPUTES VARIGUS GQUANTITIES NEEDED FOR EVERY

ITERATIUN.

THE COMMUN ST
CUMMON
CLUMMUN
KREG,
KRBC,
Nk
KS1S0.

KACCEL »
KBCDUP

LENC VS WK -~

RYF,
CCMMUN

KONV,
NBF
NiJe
NXNZS,
1T™MA,

CE N TSN~

TIME X,
CCMMON

N -

3
CCMMUN
1 EXTRP

The CIMENSION
UiMenSTun
LIMENSTIUN

1

2

CIMENS TUN
1

THE FURMAT ST
FORMAT (7116}
FURMAT (T7t1l6.

ATEMENTS
/CALLLY/
/CALL2/
KALC

NTYPS,
KGST,

KALC1,
KACAV,

TIMAX,
/CALL3/

KFEINSH,
NU'
NTYNG.,
NAR
ITMI,

TIMEZ,
/CALLS/

EXTRAL,
KXTRAL,
/CsSeTUP/

STATEMENT
XKLTOLD)y
vil).
LELZ(L),
MR{1).

R{L1l).
RALL),

ATEMENTS

3)

KCHAIN,
KBCRED»
KGEO»

NMAT,
KCTR,
LTMIMX,
NEN .
KGAVE
GLAM,
CALCL.,

HZ»

KASOR s
NGP1
NONZ,
NC »
[TMIST,
NEGSOR,

EPG,

UMEGAS,
EXTRAZ,
KXTRAZ,
KALCPL,

S
XKE (1
AR{ L)
DRI{1)
wil)

{1},
RAV (1

KEND +

KHBBC»
NSN,
LBUCK
KCGG
ITMIGM,
NZN»
KNI Py
EIGEN,

HY

KUPS,
NZPLl,
NDNR »
NIJG
ITMLGX,

EPGX
OMEGPS,
EXTRA3,
KXTRA3,
AVF

|

|

FORMAT (LFL 92X+ 22HUIRECTIONAL FUNCTIUNS

FURMAT (1Fu.2

Hd=913)

KEFN

KTBC,
NG »

KDREAD,
NZUNER,

KEDIT,
EPS,
OMEGA,

BF
KCAy

NRP1,
NONIJ»
NBUCK +
ITDy
LZSAV,
SOGFGL
EPGM,
EXTRA4,

KXTRA4,
Pl

MA(L)
AZ(1l),
DZ(L1),

RM(1).,
D21t}

KLBC,
NZy
KCTYP,
KELUXTy
NZUNEZ
ITMPRT,

XNF
OMEGAP

. KCF,

NONZNG.,

ScaLup
EPGMP,

EXTRAS,
KXTRAS
GLAMP,



141
142

OO0 OO0

louco

1005

1010

1015

1020

(2N ol

1025

[aEaNataNel

Lu50
1051
1052
1053

1055

[aN oK al

1060

1065

1070

1075

1080

FORMAT (1hl,32HTHE MESH CELL VOLUMES (VINZ,NR)))
FORMAT (1HL,.i6,37H NEGATIVE VOLUMES HAVE BEEN COMPUTED.)

THE INTEGER FUNCTIONS
INDEX{LENGTH, INDEXQO, INDEXL)=LENGTH* { INDE X0O—1 } + INDE XL

COMPUTE INIT{AL VALUES.

Pl=3.141592¢5
GO TO (10C54101G,1015), KGED
AF=1.0

VF=1.0

GO YO 1020
AF=2.0%P{
VF=0.5

GO TO 1020
AF=4.0%P1
VF=1.0/3.0
SDGFG1=0.0

IF (1TMIST) 1025,1025,1200
GLAMP=0.0
EXTRP=0.0

COMPUTE SN CUNSTANTS.

1F (KBCRED) 10U51,105141200

IF {(KDREAD) 1055+1055,1052

DO 1053 M=1,ND

WIM)=W{M)/AVF

GO TO 1150

IF IND—(NSN+1}) 1125,1125.,1060

CODED FUOR CYLINDEKS AND TwWO DIMENSIONAL SLABS.

NSNEC2=NSN/2

AREA=0.0

DO 1065 M=1,NSND2

VM=M

AREA=AREA+VM

M=0

TEMP=0.0

DZ1{M+1)=1.0

M=M+1

1F (M=NSNU02) 1075.,1080,1080
VM=M

TEMP=TEMP+VM
DZ1(M+1)=1.0-UTEMP/AREA)
GU T0 1070

DZ1{M+1)=C.0

SN=NSN*{NSN+2)
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[aX 2N gl

1100

1105

i110

1115

1125

1130

1135

1140

1141
1142

1143
1144

1145

DZF=SQRT{ SN/{SN-2.0))
CIF=0IF/2.C

M=0

M1=0

M=M+1

IF (M-NSND2) 11C5,1105+1150
L=0

MT2=2%M

VMT 4=4%M

Ml=Ml+1
DZ2=DIF*(LZ1{(M+1)+DZ21(M)}
D1=SQRT{1.0-(DL2¥DZ2))
DZimMl)=D22

DR(M1)=-D1

WiM1)=0.0

L=L+1

IF (L-MT2) 1115,1115,1100
Ml=M1l+1

DZ(M1)=0D22

VLTZ=12%L)-1
PHI=PI*(1.0-(VLT2/VMT4))
COSPHI=COSI{PHI)
DR{M1)}=D1*COSPHI
WiMLl)={1.0/7{2.0%AREA}}/AVF
GO Y0 1110

CODED FOR SPHERES AND UNE DIMENSIONAL SLABS.

NSND2=NSN/2

SN=NSN

AREA=2.0/5N

M=0

DZ1{M+1)=1.0

M=M+1

IF (M-NSND2) 1135,1140,1140
DZ 1{M+1)=DZ1(M)}—-AREA

GO 70 1136

DZ1{M+1)=0C.C

DZF=SN/SQRTI{SN*#¥2)-1.0)
CiF=0DIF/2.0

M=1

DR(M)=—DZ1(M)

WiM)=0.0

IF (M-NSND2) 1142.1142,1143
Mz=mM+]
DR{M)=—DZF*{UZ1(MI+DZ1(M-1))
W{M}={1.0/SN)/AVF

GO TO 114l

L=0

=L+l

IF (L—NSND2) 1145,1145:,1150
M=M+1

M1l=(NSNC2+2)-L
DR(M)=-DR(M1)

WIMI=WI(M])




1150
1155

1156
1160
1165

1170
1175

1180

[aN a2l gl

1200
1305
1310
1315
1325

1330

1350
1360

(2N aNal

1365
1370

1375

1380

1385
1390

[a ¥l al

1400
1405
1410
1411
1415

GO TO 1144

M1=ND

WO=AVF*W{M1)*¥DR(M1)

IF (ABS{WD)—0.1E-07) 1160,1160,1156
IF (WD) 1170,1160+1165
MR{M1)=MR(M1+1)

Ml=Mi-1

IF (M1) 120C,1200.,1155

M=M1

M=M+]

IF (1.0E-04—-ABS{DR{M)I+DR{M1)}) 1175,1180,1180
MR{M)=M1

MR{M1)=M

GO TO 1165

COMPUTE INITAL FUNCTIONS.

IF (ITMA) 1305.13C541365

IF (KALC1-1) 1325.1310,1325
DO 1315 1G=1.NG
XKIUIGI=XKI{IG)/CALCL
XKI{NGP1)=0.0

DO 133C IG=1.NG
XKI{NGP1)=XKI{NGP1) +XKI(IG)
XKE(1IG)=XKI{16G)

XKE(NGP 1)=XKI{NGP1}

D0 1360 I=1+NRP1
RALII=RILI)

MODIFY RADII.

GO TO (1400,140C,»1400,1400,1370,1385), KALCP1
00 1375 I=1.NR

K=MA(1)}
RALI+1I=RALII4+(RUI+1)-R{I))*{1.0+EIGEN®RM{K)})
IF {1.0¢EIGEN*RM(K)}) 138041375,1375

CONTINUE

GO TO 14060

KEFN=1370

KEND=1

GO TO 1600

DD 1390 I=1sNRP1

RAUII=EIGEN*R{I)}/RI{NRPL)

COMPUTE AREAS AND VOLUMES.

IF (ITMA) 1410+141041405

GO To (1500,150C+1500+1500,1410+1410), KALCPL
GO TO 1141141415.1450). KGEO

IF (NZ-1) 1450145041415

DO 1420 I=1.NR

IP1=1+1

RAV(I)=0.5%{RA(IP1)+RALI))

GO TO {1416,1417+1420)+ KGEO
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OO0

1416

1417
1420
1421
1422
1423
1425

1430

1435
1440

1445

1450
1455

1460
1465

1469
1470

1475
1480

1500
1501
1505

1510

AR{ 1)=AF
AZ(Li=RA{IPLI-RA(])

GO T4 1420

AR({T)=AF#RAL])
AZ{TI=AF*RAVII)*(RA({IP1)-RA(I))
CONTINUE

GO TO (1421,1422,1450)s KGED
AR(NRP1)=AF

GO TO 1423
AR{NRP1)=2F*RA{NRP L)

J=1

BELZ{J)=1.0

IF (NZ-1) 1430,1430.1425
JPl=J+1
DELZ{JI=2(JPLI~2(J)
ITEMP=0

DO 1440 I=1.NR
Id=INDEX(NRsJ, 1)
VIIJ)=AZ(1)*DELZ{J)

IF {VL1J)) 1435,1440,1440
ITEMP=ITEMP+]

CONTINUE

IF (NZ=J) 1475,1475,1445
J=JP1

GO TO 1425

DU 1465 I=1,NRP1

GO TO (1455,1465,1460)s KGEO
AR(1)=AF

GO TO 1465
ARUT)=AF*{RA{ [ )%%2)

CONT INUE

ITEMP=0

DO 1470 I=1.,NR
RAV(I}=0.5%(RA(I+1)+RA(]))
VIE)=VF*{AR(I+1)*¥RA{I+1)-AR(I)*RA(]))
IF (V1)) 1469,1470,1470
ITEMP=ITEMP +1

CUNTINUE

DELZ(1)=1.0

IF (ITEMP) 1500,1500,1480
WRITE (6,142) ITEMP
KEFN=1480

KEND=1

PRINT SUME SETUP QUANTITIES.

IF {ITMA) 1505,1505,1501

IF (KBCRED) 1575,1575,1505
WRITE (64141)

DO 1510 J=1.NZ

WRITE (6,130) J
K1=INDEX{NRyJ, 1)
K2=INDEX(NR,JsNR)

WRITE (64113} (V{IJ)s [J=K1.K2)




(X X g

O O00 06

1515
1520

1550
1555
1560
1565

1575

1600

WRITE 16,122}

WRITE (6.113) (DR{M), M=1.,ND)
IF {NZ-1) 1520.+1520.,1515
WRITE (64113) (DI(M), M=1,ND)
WRITE (641130 (WiM}s M=1,ND)
WRITE (641113 (MR{M), M=1,ND}

IF (KBCRED) 1575,1575,1555
IF {NFN—1) 1600+1560,1600
DO 1565 1G=1.NGP1
XKELIGI=XKILIG}

60 TO 1600

NFN=1

RETURN

END

$1EMAP BCREAD 604M94.DECK

70654 RELMOD ASSEMBLY.

$IBLOR BCREAD

$TEXT BCREAD
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BINARY CARD ID.

BINARY

BINAKRY

100

BCREADOO
00000 1 CUOCO O
00001 0774 00 2
00002 0774 00 1
00003 (774 CO 4
00004 0C2C 0C 4
00005 0634 00 4
00006 0634 00 4
00007 0634 V0 4
00Ul0 Q€34 0C 1
00011 0634 00 2
00012 0500 CO 4
00013 0560 00 4
00014 0040 00 C
00015 0131 0C ¢
00uUlé6 4600 0C O
00017 04C2 0C O
00020 0734 00 1
00021 1 0OwoOl 1
00022 0534 00 2
CARD 1D. BCREADOL
00023 0&34 00 1
00024 0634 00 2
QU025 (€5CC 6C ©
00026 0621 00 O
00027 0C74 OC 4
00030 5 00000 0O
00031 0560 60 0
00032 0621 00 O
00033 0621 006 O
00034 0621 00 O
00U35 U(74 00 4
00036 5 CCCOO O
00037 0774 00 1
00040 0774 00 2
00041 0€34 00 2
00042 7 00026 1
00043 0074 00 4
00044 0O 00067 C
00045 O 00074 O
CARD ID. BCREADOZ
00046 4 00002 2
00047 0 GO026 O
C0G50 1 77752 1
Q0051 1 00026 2
00052 o0cC2¢c 0C ¢C
00053 0500 00 O
QU054 (Ce6Ul VO O
00055 4634 00 1
0005 C€C20 00 O
QU057 CC2¢ 00 O

BCREAD SUBRUUTINE FOR IBSYS

00005
C0000
00000
00000
90001
06000
gol1o0
00003
00002
00001
00003
00004
01002
goooc
00107
00107
00000
01001
00107

00037
00040
00105
01002
07000
00000
00106
00036
00044
00065
10000
00000
00000
00000
00047
00053
11000
00000
00100

00000
00000
Cl001
01001
00041
00057
41002
00047
00043
01001

10001
10000
10000
10000
10000
10011
10001
10001
10001
10001
10000
10000
10011
10000
10001
10001
10000
10011
10001

10001
10001
10001
10011
10011
10000
10001
10001
10001
10001
10011
10000
10000
10000
10001
10001
10011
10100
10101

10000
10000
10011
10011
10001
10001
10011
10001
10001
10011

BCREAD

MON
IX1
1x2
SXA

READ
READ2

10

LASTC

DONE

ENTRY

SAVE

CLA
LDQ
TLQ
XCA
STQ
sus
PAX
TXI
LXA

SXA
SXA
CLA*
STA
TSX
MON
CLA®
STA
STA
STA
TSX
MGON
AXT
AXT
SXA
TXL
TSX
PZE
PZE

T10CPN
10CD
TXI
I
TRA
CLA
STO
SXD
TRA
TRA

BCREAD

le2+4

3.4
4.4
x4+2

TEMP
TEMP
0.1
*+1lel,l
TEMP,2

IX1l,1
IX2+2
INS

2
«.CLOSEY4
*xk

READS
MON
READ2
SHUT
«UPEN 4
%

*%,1
xk, 2
10,2
LASTC,1,422
«READ 4
*%,,E0B
EOF 4 s ERR

Ky ,2
*¥,422
*+1,1,-22
41424022
SXA

DONE

*-2

1041

READ

&+l

PICK UP THE FIRST ARGUMENT
PICK UP THE SECOND ARGUMENT
MAKE SURE THE LARGESY
ARGUMENT IS IN THE AC

PUT WORD COUNT + 1
INTO INDEX 1
PICK UP THE FIRST LOAD ADDRESS

HOLDS THE WORD COUNT

HOLDS THE LOADING ADDRESS

SKIP FIRST WORD AND CHECKSUM

REDUCE THE WORD COUNT



00060
00061
00062
00063
00064
00065

00067
00067

0774 00 4 00041
0634 00 4 00052
0774 00 4 00026
4634 0C 4 00047
0C74 00 4 07000
5 60000 C 00000
00066
060000000000

0G74 00 4 04000

BINARY CARD I1D. BCREADO3

00070
00071
00072
00073
00074
00074
00075
00076
00077
00100
00100
00101
00102
00103
00104
00105
00106
00107
00110

1 00001 0 01003
0 00110 0 00074
0 00C00 G 00104
00620 U0 0 00100
000000000000

0074 00 4 04000
1L CoGO1 0 01003
0 00110 0 00076
¢ 00000 0 00103
000000000000

0C74 00 4 G5000
1 €0C00 0 01002
0 GOL10 O 00077
0 00000 C 00043
€ 00000 0 00044
0 00000 0 12000
0 00000 0 13000
0 00000 0 00000
GCC00C000000

BINARY CARD 1D. BCREADO4

00111

222351252124
00000

CONTROL DICYIONARY

BINARY CARD

BINARY CAKD

10001
10001
10000
10001
10011

AXT
SXA
AXT
SXD
TSX

10000 SHUT MON

RETURN

00010 EO08 CALL

10011

10011
10100
10001
10001

TRA

00010 ERR CALL

10011
10011
10100
togol

00010 EOF CALL

10011
10011
10100

10000 ERR2 PLE
10000 EOB2 PZE
10011 IN5 PLE
10011 READS PIE
10000 TEMP PIE

10000

10000
oill1

$CDICT BCREAD

1D. BCREADO6
006112000000
060C04000005
222351252124
000112060000
222351252124
0€06000C0000
222351252124
060000060000
332667254433
2€00CC1C0000
256731636060
2006CC1C0000
627062434623
266003000000
332343466225
206GCC0GO000
334647254560
2CCCCA0OCO000
335125212460
2€4U000060000
336445000533
2€0000000000

it. BCREADO7
335125212405
2(G06C0€0000

BCREAD
BCREAD
BCREAD
«FXEM.
EXIT
SysLoC
«CLOSE
+OPEN
«READ

+UNOS.

«READS

SDKEND BCREAD

*LDIR

END

PREFACE
DECK

REAL

REAL

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

VIRTUAL

VIRTUAL

SXAr4
LASTC-1,.,4
22 +%

1044
«CLOSE.4

*%x

BCREAD
+FXEM. (EOB2)

EQF
«FXEM. LERR2)

EXIT

35

+UNOS.
«READS

START=04+LENGTH=T4+s TYPE=T094 CMPLX=5

LOC=0,LENGTH=T4
LOC=0,LENGTH=0

LOC=0,LENGTH=0

SECT. 4.CALL
SECT. S5,CALL
SECT. 6
SECT. 7
SECT. 8
SECT. 9

SECT. 10

SECT. 11
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SYMBGL REFERENCE DATA

REFERENCES TO DEFINED SYMBOLS.

CLASS

LCTR
QUAL
LCTR

REFERENCES TO

SYMBOL VALUE

BCREAD 60000

DONE 00057
E0B2 00104
EOB 00067
EOF 0olu0
ERRZ2 00lce3
ERR 00074
INS 00105
10 00047
Ixl 00037
Ix2 00040

+sUUC1 000C3
0002 C0UG4
«»00C3 000cC5

LASTC 00053
MON 0u03e
READZ 00044
READS ouloe
READ 00043
BLCTR
UNQS
/7
SHUT 00065
SXA 00041
TEMP uola?

EXIT

+CLUSE

«FXEM.

<UPEN

<REALS 1
«READ

+UNO5. 1
SYSLuC

COL~E NV

$ IBMAP .READS 5,DECK

102

REFERENCES

41455, 63
23
24
7410411

34
52,60
16417422

VIRTUAL 3YMBOLS.

100
271464
61474
35
106
43
105

5

1094 RELMUL ASSEMOLY.

$IbLLR

$F1LE

«READS

«READS 'READS

ue/2b/66

Py LNLoREADY o INPUT o BLK=28 4y MULT IREEL e MABLIN o UL IST

+REAULGOQ

«sREAUIUL



BINARY CARD L.

FILE UVICTICNARY,

SFUICT

«REAQCC3

6L4CU2000034
0C0L0C0LUVUO
51282124C56C
6LoCelb6LbUE0
ELECECHLOLEO0
STEXT

BINARY CARD IU. REAGOOS

BINARY CARL ID.

ouL00

C G0U0U 0 04

Co

CUNTRUL 0I1CTIUNARY

$CDICT

«REAOLUT

GCG0u1000000
0LGC040UVLO0S
335125212405
CoL001000000
335125212405
0CLLUCuLGoUL

$DKEND

«READS
REAOQS FILE *REALS
+RtADS
ENTRY
GO0l 1001u .READ> PZE
READS FILE
gio0  uILlll END
+READS
PREFACE

«READS

SYMBLL REFERENCE DATA

REFERENCES TU DEFINED SYMBOLS.

CLASS

FILE
LCTR
QUAL
LCTR

SYMBOL VAL UL
-REACS Gooce
REACS 1
BLCTR
UNQS
144

«READS DECK

«REALS REAL

REFERENCES

«REAOQOVLZ

MXBIne INPUT NOHCVYN 93LK=28

+REAUUO4

<REAUS

REALS
+INTSREADY s INPUT 4 BLK=28 AULTIREEL o MXBIN,NOLIST

~REAQQUG
START=0,LENGTH= 1, TYPE=TUY4.(MPLX=5
LOC=0+LENGTH=1
LOC=0,LENGTH=0
00lls4 +REAULOS

103



$IBFTC QUTER LECK

SUBKUOUTINE OUTER {(XKI +XKE MALC, X1l
1 FGoFo XNOS ¢ XNOSUP» XNZS» XNy XJRoXJIZ, V+ARy AZ4DELZ,
Z KFING+KASORG, AGsFNG¢SGsASG+SCG9SDG+SINGy XNG 9 XNByHNLG
3 VNLG o+ XNLGy CTeCGGsCOGAsTVLKSSISO+STHARSISU,AZSISU,ARST,
4 ALST.LCs BNLOG, CUPS,CN2ZN» XNM,y XNNsXNA ¢
5 XJRN e XJZNe XIRA XJZA X2 BUCLK +BUCKGs
[} MXVARIESIJM )
C
C SUBROUTINE OUTER IS THE OVERLAY (OR CHAIN) SUBROUTINE OF TDSN
C THAT PREFORMS THE OUTER (OR MAJUR) ITERATIONS.
C
C
C
C
C
C
C
C THE CCMMON STATEMENTS
COMMUN /CALLL/ KCHAIN, KEND KEFN
COMMON /CALL2/ KBCRED,
1 KREG, KALC, KGED KBBC s KTBC, KLBC»
2 KRBC, NSN NG » NZ,
3 NR o NTYPS, NMAT, LBUCK., KCTYP,
4 KSISU,. KGST . KCTR, KCGG KDREAD, KFLUXTI
5 ITMIMX ITMIGM, NZONER, NZONEZ,
6 KACCEL » KALC 1, NFN N2Ny ITMPRT »
7 KBCLUP o KACAV ., KGAVE » KNIP» KEDIT,
8 GLAM, EIGEN, EPS, XNF o
9 RYF, TIMAX, CALC], OMEGA » OMEGAP
CCMMON /CALL3/
1 HZ, HY» BF o
2 KCA, KCF,
3 KONV o KFINSH, KASOR s KUPS .
4 NBF ., ND ., NGP Ll NZPLl, NRP1,
5 NIJ, NTYNG, NDNZ » NDNR » NONIJ, NONZNG,
6 NXNZSe NAR ¢ NC o+ NIJG NBUCK ,
7 ITMA,. ITMI, ITMIST, ITMIGX 17D,
8 NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGL. SCALUP
CGMMON /CALL4/ EPG, EPGX+ EPGM, EPGMP,
1 OMEGAS., OMEGPS,
2 EXTRAL, EXTRA2, EXTRA3, EXTRA4, EXTRAS,
3 KXTRA1l, KXTRAZ » KXTRA3, KXTRA4 KXTRAS
COMMON /COUTER/ KDR, KDZ, KMR KWy
1 KNI » KNU» K180 KWHITE, KNOR s
2 KNORUP » KNZR» KNR » KJRRy KJZRy
3 KNZ
COMMON /CINNER/ 1TMIG. 1G, 12, JUP,
1 XITGG, XITGGA LGy NEGPRT, JZo KX
[
C THE ODIMENSION STATEMENTS
DIMENS ION X1UGL1l), x2{1l)
DIMENSION XKI{1}, XKELL)
CIMENSIUN MALL), cil)
UIMENSION FG(Ll), F{l)
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[a X aX o BN o X o

100 FORMAT (1H1)

DIMENSION
DIMENSION
DIMENSION
1
DIMENSION
DIMENSION

SWN -

DIMENS ION

2
3

DIMENS ION
OIMENS ION
DIMENS ION
DIMENSION
1

DIMENSION

XNOS (1),
XN(1lis
Vil)e
DELZ(1)
KFING(1)e
AGl(1),
SG{l),
SDGIL1),
XNBI1),
XNLG (1),

Civi{l),
TVLKI 1},
ARSISO(1),
AZSTLL),
XNM{ 1)
XNN{ 1),
XNAL1),

BUCKG(1).
CUPS{1).

THE FORMAT STATEMENTS

XNOSUP{1),

104 FORMAT {(1rL»21HPROGRAM STOP AT KEFN=,18)

120 FORMAT (126H 1TMA ITMI ITMIGX ITD
KASOK KONV KFINSH

LEPGM

21GEN )

XJRI1) XJZ{1)
AR(1), AZLl),
KASORG(1)
FNGI(1),
ASG{1), SCG{1l),
SING{1). XNG(1).
HNLG{l)» VNLG(1),
BNLG{1)
CGG1l), CGGA(l),
sIsoi{1), ST(1),
AZSISO(1), ARST{1),
oCitl)
XJRN(1) o XJZNI(1)
XJRA(L), XJZA{1)

BUCLK(1),
MXVARI{1), ESIJN(]1)
CN2N(1)

TIME REQ EPG
NEUTRUN BAL GLAM

XNZS(1)

121 FORMAT (14¢16¢1491743E14e6414¢15¢16:E18.8,2F16.8)
122 FORMAT {20X,4HUPS2:8XeIHXNGINGPL) 94X+ LOHSINGINGPL) 45X,

1
2

123 FORMAT (15X,8E14.6)

124 FORMAT (1H )
125 FORMAT (5X,SHGRUUP+5XsSHITMIG¢10X ¢10HFLUX ERRORs7X¢11HERROR RATIO.

1000
1005

1010

1015

1020
C

1 5Xs LZHFORMER RATID«8X+ 6HFACTOR 412X +5HOMEGA)

THE INTEGER FUNCTIONS
INDEX{LENGTH, INDEXO, INDEXL)=LENGTH®* (I NDEXO—1 }+INDEXL

ITMI=1TMIST

IF (KBCRED) 1005,1005,1020

KONV=0

IF (NFN—-1) 1025.1010,1025

CALL FISION ( MA, V, C,

1 XNZS )

FGe

I+ (NEGSOR) 1025,1025,1015

KEND=1

WRITE (6.104)

KEFN=1015
GO0 TO 2570
KBCRED=0

KEFN

1025 1IF (1TMPRT) 1050, 1050,1030

XKEs XNo

XJRy

XJZs Foe XNDS,

GHSOGINGP1) « 5X9sBHAGINGPL) »5X o L OHHNLG (NGPL) 44X LOHVNLGU(NGP1 ),
4Xe LOHXNLGINGP 1))

XNOSUP,

o1
v2

vh

5
v6
o7
»8
'11
W12

13
v14

9

» 10
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1030 WRITE (6,100)

WRITE (6,120)

WRITE (6+122)

WRITE {64124)

IF (ITMPRT-23 1050,1035,1035
1035 WRITE [64125)

WRITE (64+124)

THE BEGINING OF THE MAJOR ITERATICN LOOP. BEGIN THE LOOP IN
GROUP KGST.

[N aNalaNaRel

1050 ITMA =]TMA+]
1TD=0

1060 I1G=KGST

ITMIGX=0

KFINSH=0

KASOR=0

EPGMP=EPGM

EPGM=0.0

UPS1=0.0

upPsS2=0.0

IF (KONV-2) 1061,1070,1061
1061 IF (ITMA-10) 1065,1065,1070
1065 TEMP=]TMA

GU TO 1075
1070 TEMP=10.0
1075 EPG=EPG/TEMP

ITERATIONS IN A NEW GROUP IG BEGIN HEKRE. BEGIN AT THE TOP OF THE
REACTOR STARTING A Z DOWN AND UP PASS.

OO0

1100 JuP=0
I1Z=NZ
ITMIG=0
KFING(IG)=2
SGLIG)I=0.0
IJG=INDEXINIJLIG,»O)
DO 1105 lJ=1.NIiJ
1JG6=1J4G+1
1105 XNN{1J)=XN{IJG)
IF (KS{SO) 1150,1150,1110
1110 IJG=INUEX{NIJ+I1G,»0)
DO L1115 ly=1.NIJ
1JG=14G+1
1115 XJRN(TJ)=XJRI1JG)
IF (NZ-1) 1150,1150,1120
1120 1JG=INDEXINIJ.1G.,0)
DO 1125 IJ=1.NI1J
14G=1JG+1
1125 XJINLESY=XJIZLL146)
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TO COMPUTE THE ISUTROPIC FIXED SOURCE SISO WHICH INCLUDES THE
FISSION SOURCE AND THE ANISOTROPIC FIXED SOURCES ARSISO AND
AZ5150. ALL THE FIXED SOURCES INCLUDE UP AND DOWN SCATTERING
BUT NOU WITHIN GROUP SCATTERING.

(g aNeNal ol

1150 CALL FIXEL U XKEs MAe Cs Fo, V, XNy XJRy XJZ,
1 SGy» S1S0+ ARSISO, AZSISO )

ITERATIUNS FOR A NEW Z DOWN AND UP PASS IN A GIVEN GROUP IG
BEGIN hERE.

(s aNaRaNa¥al

1200 CALL INNER { XKE(L),
1 MAL{1),CL1), X1IKDR) ¢ XLUKDZ) o XLEKMR) 4 XLUKW) o Fll),
2 XNOSC1)a XNOSUP{ 1) ¢XNZSI(1), VI{l).ARL 1),
3 AZ{1)+DELZ{1)+KFING{1) KASORGI1), SG{1) +ASG( 1},
4 XNG{1)+HNLG(1) o VNLG(L) 4 XNLG(1),
5 CTUL1),CGGULIoCOGAT L) TVLKEL) »SISOIL),ST(1),ARSISO(1),AZSISO(L),
6 ARSTI1)¢AZSTU1)DC(1)e XLEKNI) oXL{KNO)} 9 X2{KNOR) » X2{ KNORUP) ¢
7 XNMU1) ¢ X2{KNZ) s X2(KNZR) XNN{L) +XNA{1)s X2{KNRJ},
8 XJRNE LD o XJZNLL) o XIRALLY 4 XJZALL) 9 X2{ KJRR) ¢ X2 (KIZR)
9 X2{K180)sX2{KWHITE}y BUCLK{1)+BUCKGIL1}, MXVARI{L) sESTIJUNIL} )

[z aN o]

1300 KFINSH=KF INSH+IABSI{KFINGI{IG))

If (KSISU) 1315,1315,1305
1305 IFf (KASORG{IG)) 1315,1315,1310
1310 KASOR=KASOR+1
1315 ITMI=ITMI+ITMIG

IF (ITMIG-ITMIGX) 1325,1325,1320
1320 ITMIGX=1TMIG
1325 IF (EPGX-EPGM) 1400,1400,1330
1330 EPGM=EPGX

TO COMPUTE THE NEUTRON BALANCE PER GROUP.

[aEaNaNaN o

1460 If (NBF-1) 1415+1415.1405

1405 BNLG(IG)=C.0
DO 1410 [J=1.NI1J

1410 BNLGUIG)=BNLG{IG)+TVLKI{IJI*XNNIIJ)
XNLGUIG)=XNLG({IGI+BNLG(IG)

1415 IF (LBUCK) 1425.1425.1420

1420 TEMP=BUCLKIU IG)I*XNGIIG)
XNLGLIGI=XNLG(IG)+TEMP

1425 IF (NBUCK) 1500.1500,1430

1430 BNLGIIG)=C.0
DO 1435 1J=1.NI1J
K=1ABSIMA(1J)}
K1=INDEX{NG+K, IG?

1435 BNLGUIG)=8BNLGUIG)I+BUCKGIKL)I*V{ IJI*XNNIIJ)
XNLGUIG)=XNLGUIG)+BNLGLIG)
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108

1500

1535

1550

(2N aN2YzNzXsl [a]

2000
2005
2010
2015
2020
2025

2030

2046
2050

2055

2075
2080
2085

SINGUIG)=SGUIG)-FGLIG)
AG(IG)=0.0

FNG(IGI=0.0

SCGLIG)=C.0

S0G(16)=0.0
K1G=INDEX(NTYPS+I1Gs»KCGG)
K1A=INDEX{NTYPS+1G+KCA)

DO 1535 1J=1.N1J
K=1ABS(MA(IJ)}
XNVIJ=VIIJI®XNNLTJ)
K2G=INDEX{NTYNG,K+K1G)
K2A=INDEX{NTYNG,K,K1A)
AG(LIG)=AG(IGI+C(K2A)*XNVIJ
FNGLIG)=FNG{IG)I4C(K2A+1)*XNVI1J
SCGLIG)=SCGLIG)+C(K2GI* XNVIJ
K1=INDEX{NG+Kos1G)
SDG{IGY=SOGLIG)I+CN2N{K1)*XNVIJ

XNB(IG)={SGIIG)-XNLGIIGI-AGIIGI-SDG(LIG))/XNF

OVER-RELAXATION OF THE OUTER LTERATIONS.

IF (IABS{KACCEL)-2) 2150.,2005,2150

IF (ITMA-1) 2150,2150,2010

IF (KUPS) 2020,2C20,2015

IF (ABS{SCALUP-1.0)-50.0%EPS) 2020,2020,2150
IF (EPGMP—10.0%EPS) 2025,2025,2150

1JG=INDEX (NIiJ,y1G+ 0}

D0 2030 IJd=1.NIJ

1JG=1JG+1

XNA(IJI=XN(IJG)

XNN{1J)=0OMEGAP* XNN{IJ)—OMEGPS* XNA(IL J)

DO 2050 J=1.NZ

IJ=INDEX (NRs JoNR)

TEMP=0RSCAL{ [Js DMEGAP, UMEGPS, XNA, XNN )
D0 2050 M=1.ND

K=INDEX(ND+JsM)

L=INDEX{NDNZ, I1G+K}

XNOS(L )=XNOS{L)*TEMP

IF (NZ-1) 205042C50,2046

XNOSUPIL $=XNOSUP{L)*TEMP

CONTINUE

IF (LZSAV) 2080,2080,2055

DU 2075 I=1sNR

IJ=INDEX{NR«NZ+1)

TEMP=URSCAL( 1J+ OMEGAP, UMEGPS, XNA, XNN )
DO 2075 M=1.ND

K=INDEX(NDy 1.M)

L=INDEX{NDNRy IG+K )}

XNZS{L)=XNZS{L)*TEMP

IF {KSISO) 2150,21502085

DO 2090 I[J=1,NI1J




2089
2090

[aNeX gl

2150
2155
2156
21517
2160

2165

[sNaXul

1800

1805

1810

1815

1820

1825

(e ¥ aNaNalal

1900
1901

1905
191¢
1915
192G

192%

1930
1935
1940
1945

TEMP=0RSCAL( IJ» OMEGAP. OMEGPS, XNA., XNN )
XJRNCLJI=XIRNLIJIETEMP

IF (NZ-1) 2090.,2050,2089
XJINLIJ ) =XJINCTJI*TEMP

CONTINUE

THE SUMMING TO OBTAIN THE UP SCATTERING ERROR.

IF {(KUPS) 1800.,1800,2155

IF (KREG) 2157+2157,2156

If (IG-NG) 2157.1800.,1800
IF (IG-KUPS) 1800+2160+2160
IJG=INDEX(NIJ,16G,0)

D0 2165 1J4=1.N1J

1JG=1JG+1

M=TABS(MA(14))
K=INDEX(NG+Me IG)

TEMP=V{IJ )*CUPSIK)I*[XN{1JG)—XNNLIJ))
UPS1=UPS1+TEMP
UPS2=UPS2+ABSITEMP)

FINISHED WITH GROULP.

IJG=INDEX(NI1J+ 16,0}

DO 1805 [J=1sN1J
1JG=14G+1
XNUIJGI=XNN(TJ)

IF (KSISO) 1900.1900,1810
IJG=INDEX{NLJ+1G+0)

DO 1815 IJd=1.N1J
1JG=1J6G+1
XJRUTJGI=XJIRN(TJ)

IF (NZ-1)} 1900,1900,1820
IJG=INDEX{NIJ«IG»O)

DO 1825 1Jd=1.N1J
146=14G+1
XJZISGI=XJINLT I

GROUP INOEXING.

IfF (KREG) 1901.1901.1925
IG=IG+1

IF (KGST—1) 1905.i905,1910
IF (IG—NG) 1100+,1100,2200
IF (16-KGST) 1100.,2200.,1915
If (IG-NG) 1100.1100.1920
1G6=1

GO TO 1100

16=16~-1

IF (KGST-NG) 1935,1930,1930
IF (16) 2200,220C.1100

[F (I6-KGST) 1940,2200,1100
IF {IG) 1945,1945,1100
[6=NG

109



GO TO lldo

SUMS OF GROUP QUANTITIES ARE COMPUTED AND STORED IN THE NG+l
POSITIGN.

OO0 O0n

2200 SINGINGPL1)=0.0
SDGINGP1)=0.0
SCGINGP1)=0.0
XNLGINGP1)=0.0
HNLGINGPL1)=0.0
IF (N2-1) 2202,2202,2201
2201 VNLG(NGP1)=0.0
2202 IF (NBF-1) 2203,2203,2204
2203 IF (NBUCK) 2205,2205,2204
2204 BNLGINGPL1)=0Q.0
2205 AGINGP1}=0.0
XNB(NGP1)=0.0
XNG{NGP1)=0.0
DO 2215 IG=1.NG
XNGINGP 1) =XNG{(NGP L) +XNG{IG)
SINGINGPL}=SING(NGPL)+SING(IG)
SDGINGP1)=SDGINGP 1) #SDG(IG}
SCOINGP1)=SCGINGPLI+SCG(IG)
XNLGINGP1)=XNLG(NGPL)+XNLG(IG)
HNLGINGP L) =HNLG(NGP 1) +HNLG(IG)
IF [NZ-1) 2207.2207,2206
2206 VNLGINGP1)=VNLG(NGPL)+VNLG(IG)
2207 1F (NBF-1) 2208,2208,2209
2208 IF {NBUCK) 2210,221C,2209
2209 BNLGINGP1)=BNLGINGP1)+BNLG(IG)
2210 AGINGP1I=AGINGP L) +AGL1IG)
2215 XNBINGPL1)=XNB(NGP1)+XNB(IG)

CALCULATE UP SCATTERING SCALING.

[aNalal

2225 IF (KUPS) 2300,2300.,2226
2226 SCALUP=FGINGPLl)/(FGUNGP1)+UPSL)
IF {SCALUP) 22217,2227,2230
2227 SCALUP=1.0
GO TO 23c¢C0
2230 IF (KREG) 223142231.2232
2231 ITEMP=NG
GO TO 2235
2232 ITEMP=NG-1
2235 DO 2285 IG=KUPS,ITEMP
IJG=INDEX(NIJ»IGosO)
DO 224C IJ=1.NIJ
1JG=1J4G+1
2240 XNUIJGI=SCALUPRXNI{IJG)
DO 2245 J=1,NZ
00 2245 M=1,ND
K=INDEX{NDosJsM)
L=INDEX{NDNZ+» IG+K}
XNOS(L )=SCALUP*XNOS(L)
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IfF (NZ—1) 224542245,2243
2243 XNOSUP(L)}=SCALUP*XNDOSUPIL)
2245 CUNTINUE

IF (LZSAV) 2260,2260.2250 -
2250 DO 2255 I=1.NR

CO 2255 M=1,ND

K=INDEX{NDs1I+M)

L=INDEX{NDNR IG+K}
2255 XNZSU{L)=SCALUP*XNZSI(L)
2260 IFf (KS1SO) 228542285,2265
2265 [JG=INDEX(NIJs1G.0)

D0 2270 IJ=1.NI1J

1JG=1JG+1
2270 XJRUIJGI=SCALUP*XJR(IJG)

IF (NZ-1) 2285.,2285,2271
2271 TJG=INDEX(NIJ«IG+0)

DO 2275 lJy=1.NI1J

I1JG=1JG+1
2275 XJZ11JGI=SCALUP*XJZ(1JG)
2285 CONTINUE

NEW LAMBDA QUANTITIES COMPUTED.

[aEaX ol

2300 GLAMIi=GLAM

IF (ABS(SLCGI(NGP1))-0.1E-6) 2305,2305,2310
2305 SDGLFGI=1.0

SCAT=1.0

GO TO 2350
2310 TEMP=SDG{NGP1l)/HGINGPIL)

SCAT=5DGFG1/TEMP

SUGFG1=TEMP

TO COMPUTE THE NEW FISSION SOURCE.

(s R aNaNaXal

2350 EPG1=EPG

CALL FISION ( MA., Vy Co FGs XKEse XN+ XJRs XJZs F, XNOS,» XNOSUP,

1 XNZS )

IF (NEGSOR) 2375,2375,2355
2355 KEND=1

WRITE (6,104) KEFN

KEFN=2355

KONV=3

GO TO 2500

COMPUTE CONVERGENCE NUMBERS.

(o aNasNaNal

2375 DIFONE=1.C-GLAM
TESTI=ABS{ U IFONE)
TEST2=RYF*AB5(1.0-SCAT)
TEST3=ABSIGLAM1-GLAM)

IF (KREG) 2377.2377.,2376

2376 TEST4=0.C
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2311
2378
2379
2380
2385
2390

2395

[zNzNaNaN gl

2400
2401
2405
2410
2411
2412
2413
2415
2420

2425
2430
2440

2445
2446
2447

2450

2455

2460
1

2466
24617

2470
1

©

2475

[N aN gl

2500
C

255y
2560
2570

[aNaNal

2515

GO TO 237s

IF (N2N) 2378,2378,2376
TEST4=ABS({{SING(NGP1)~SDGINGPL1})/XNF)
CALL TIMEL{TIMEY)
TIMEZ=ABS{(TIMEY-TIMEX))/3600.0
IF {(KALC-1) 2385,2380,2385
EIGEN=XKI(NGPL)/XKE{NGP1)

GO TO 24c0¢C

IF (GLAM1) 2390,2395,2390
EXTRPLI=EXTRP
EXTRP={EIGENP-EIGEN)/ IGLAMP-GL AM)
TEST5=ABS({EXTRPL/EXTRP)-1.0)

GO TO 2500

TEST CUNVERGENCE NUMBERS.

IF (KFINSh) 2401,2401,2415

IF (TEST1-EPS) 2405,2405,2415

If (TEST2-EPS) 2410,2410.2415

IF (TEST3-EPS) 2411,2411,2415

IF (TEST4—EPS) 2412,2412,2415

IF (KUPS) 2445,2445,2413

IF {{UPS2/XNG{NGP1))—EPS) 2445,2445,2415
IF (ITMI-(ITMIMX+ITMIST)) 2425,2420,2420
KONvV=1

GO TO 2440

IF (TIMEZ-TIMAX) 2450+2430,243C

KONV=-1

ITMIST=1TMI

GO TO 2500

IF (KONV=2) 24464+2475,2446

IF (1TMA=10) 24417,2475,2475

KONV =2

GO TO 2455

KONV=0
IF {(ITMPRT) 1050,1050,2460

WRITE (64121) ITMAGITMIZITMIGX ¢ITDTIMEZEPGL+EPGM,KASORIKONV,

KFINSHe XNBINGP 1) 9 GLAM, EIGEN
IF INZ—-1) 246642466,2467
TEMP=0.0
GO TU 247C
TEMP=VNLG(NGP1)

WRITE (64123) UPS2¢XNGINGP1)+SINGINGP1)+SDGINGP1)+AGI{NGPL),

HNLGINGP 1), TEMP s XNLG{NGP1}
WRITE (64124)
GO TO 105C

KONV=2

TIMEX=EPGI
IF (KEND) 25154257542560

KEFN=2550
WRITE (641C4) KEFN

KCHAIN=3

RETURN

END




$IBFTC ORSCAL CLCECK

OO0 OO0 O60

1000
1005

1010

[gX g N a]

FUNCTIUN ORSCAL ( IJs SCALELl, SCALE2, XNA,

REACTOR ANALYSIS SECTION CLAYTON BARBER

FEBRUARY 11+ 1966 VERSION TN
THE DIMENSION STATEMENTS
CIMENSION XNACL), XNN(1)

TEMP=XNN{1J)+SCALE2*XNA(]J)
IF (TEMP) 1005,1010,1005
ORSCAL=SCALEL®XNN(IJ)/TEMP
RETURN

ORSCAL=1.0

RETURN

END

XNN
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SUBROUTINE FISIGN ( MA, Ve Cs FG, XKEs XNy XJRs XJZ, F»
XNGSe XNOUSUP, XNZIS )

SUBRUUTINE FISIUN FOR SUBROUTINES SETUP AND OUTER OF TDSN

TO COMPUTE THE FISSION NEUTROUN SOURCE DENSITY F(IJ}, FISSION
NEUTRON SOURCE GROULP SUMS FG(IG), AND THE NEW LAMBDA. ALSO TO
COMPUTE THE EFFECTIVE NEUTRUN FISSION SPECTRUM CHI AND THE
FISSIUN NEUTRON SOURCE GROUP SUMS USING THE NEW LAMBDA. TO
NORMALIZE THE F1SSION SOURCES AND THE FLUXES TO A GIVEN
NORMAL IZATION FACTOR XNF SUCH THAT THE TOTAL FISSION SOURCE
EQUALS XNF. AND FINALLY TO COMPUTE THE INNER ITERATION EPSILON
EPG.

THE COMMON STATEMENTS

CUMMON /CALLL/ KCHAIN, KEND KEFN
COMMON /CaLL2/ KBCRED»
KREG. KALC, KGEO, KBBC» KTBC» KLBC
KRBC, NSN.» NG » NZ,
NR o NTYPS, NMAT, LBUCK., KCTYP,
KSISQa., KGST, KCTR, KCGGy KDREAD, KFLUXT,
ITMIMX, [TMIGM, NZONER, NZONEZ,
KACCEL » KALC1, NF N+ N2N, ITMPRT,
KBCDUP, KACAV, KGAVE KNIP, KEDIT,
GLAM, EIGEN, EPS, XNF
RYF, TIMAX, CALCl, OMEGA, OMEGAP
CCMMON JCALL3/
HZ HY BF,
KCA, KCF o
KUNV o KFINSH, KASOR, KUPS,
NBF, ND « NGP1. NZPL, NRP1,
NIJs NTYNG NONZ, NDNR ¢~ NDONIJ» NDNZNG»
NXNZS, NAR, NC » NIJG NBUCK »
1TMA, 1T™MI, ITMIST, ITMIGX, 170,
NEGSOR » LZSAV,
TIMEX, TIMEZ, SOGFG1 SCALUP
COMMON /CALL4Y EPG» EPG Xy EPGM, EPGMP,
OMEGAS., OMEGPS,
EXTRAL, EXTRAZ, EXTRA3, EXTRA4, EXTRAS,
KXTRAL, KXTRA2 KXTRA3, KXTRA4, KXTRAS
THE DIMENSION STATEMENTS
CIMENS ION MA(1), vil), ctl)
DIMENSIUON FG(Ll)y XKE{1l), XN{L1l)»
XJR{L), XJz{1}
DIMENS ION Fll). XNOS(1), XNOSUP(1),
XNZS(1)
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[zN g X aNal
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100

1000

1010
1015

1020

1025
1030

1035
1040

1045

1050
1055

1060
1061
1065
1070

1075
1080

THE FURMAT STATEMENTS
FORMAT (25h TOTAL SOURCE FGI(NGP1l) OF, E16.8s 24H IS 2ERO DR NEGATI
1VE. )

THE INTEGER FUNCTIONS
INDEX{LENGTHe INDEXOo INDEXL ) =LENGTH® [ INDEXO-1)+ INDEXL

FTP=FGINGP1)
NEGSOR=0

70 COMPUTE THE FISSION NEUTRON SOURCE DENSITY AND [TS VOLUME
INTEGRAL BY GROUPS.

DO 1015 IJd=1.NIJ
F(1J)=0.0

DO 1040 IG=1.NG
IJG=INDEX{NIJ.1G»0)

If (KREG) 1020,1C20,1030
DO 1025 1J=1.NI1J
1JG=1JG+1

K=IABS{MA{1J}}
K1=INDEXINTYPS,1G,KCF)
K2=INDEX{NTYNG+KsK1)}
FULIJI=F{ IJ}+CIK2)*XN(T1JG)
G0 TO 1046

DO 1035 IJ=1,.N1J
1JG=1JG+1
FUISI=FLIJ)+XKELIGI®XNIIJG)
CONTINUE

FGINGP1)=0.C

IF (KREG) 1060410600 1045
DO 1055 IG=1,NG
£G(16)=0.0
K1=INDEX{NTYPS+1G+KCF)
00 1050 1J=1.N1J
K=TABS{MA(1J}}
K2={NDEX{NTYNGeKsK1)
FGLIGI=FGUIG)+C(K2)*F(1JI*V{I1J)
FGINGP1)=FGINGPL)+FGIIG)
GO TO 1070

TEMP=0.0

DO 1061 IJu=1,N1J
TEMP=TEMP+V(IJ)*F(1J)

DO 1065 IG=1.NG
FG{IG)=TEMP*XKELIG)
FGINGPLI=FGINGP1) +FGLIG)
IF (KALC}) 110G,1100,1075
IF (FG(NGP1)) 1080,1080,1100
WRITE (6+100) FGINGPL)
NEGSOR=1

TO CALCULATE THE NEW LAMBDA,
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1100
1105

(N aNaNaNaNel

1125
1130
1135
1140
1145
1150
1155
1175

1180

1200
1205

1210
1225
1250
1255

1270
1271

1275
1280
1285

1290
1295

[2¥sKaXaXal

1350

1400

(o} [ XaX 2]

IF (NFN-1} 1105,1150,1105
GLAM=FG{NGP 1) /FTP

TC NORMALIZE THE FISSION SOURCES AND THE FLUXES TO A GIVEN INPUT
NORMAL IZATION FACTOR XNF SUCH THAT THE TOTAL FISSION NEUTRON
SOURCE WILL EQUAL XNF FOR THE PRUBLEM SETUP AND TO NORMALIZE
FOR THE GROWTH FACTOR LAMBDA (GLAM) AFTER EACH POWER ITERATION.

IF (KALC-1) 115041130,1150
TEMP=1.0/GLAM

DO 1135 1G=1.NGP1
XKELIG)=TEMP*XKE(IG)
FGUIG)=TEMP*FG(IG)

{F (KREG) 117541175,1140
DD 1145 1J=1,NI1J
FULIJI=TEMPRF(1J)

GO TO 1175

NFN=0

EIGEN=1.0

IF (KALC) 1155.115541175
CONTINUE

GO TO 1350

IF (XNF) 135041350,1180
TEMP=XNF/FGINGP 1)

IF {ABS{TEMP-1.0)—0.1€E-9) 1350,1350,1200
DO 1205 IG=1sNGPL

FGLIG)=TEMP*FG(IG)

DO 1210 1J4=1sN1J

FUIJI=TEMP*F{1J)

DO 1250 1J46=1sNIJG
XNCIJG)=TEMP®XN(IJG)

DO 1255 L=1+NDNING
XNOS(L)=TEMP*XNOS(L)

IF (NZ-1) 1280,41280,1270
D0 1271 L=14NDNING
XNOSUP{L)=TEMP*XNGSUP{L)
DO 1275 L=1,NXNZS
XNZS(L)=TENMPRXNZSIL)

IF (KSISO) 1350+1350,1285
00 1295 1JG=1+NIJG
XJRIIJGI=TEMP®XJR(TJG)
IF INZ—1) 1295,1295,1290
XJZ(IJGI=TEMP®XJZ(1JG)
CONTINUE

TO COMPUTE THE EPSILON EPG FOR THE INNER ITERATIONS.

TEMP=NG+3
TEMP=40.0%EPS/TEMP
FPG=TEMP%FGINGP1)

RETURN

END
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SUBROUTINE FIXED ( XKEs MA, Co Fy Vo XNy XJRy XJZy
SGy SISO. ARSISO, AZSISO )

SUBROUTINE FIXED COMPUTES THAT PURTION OF THE SOURCE THAT REMAINS
FIXED WITHIN THE GROUP (INNER) ITERATIONS.

THE COMMON STATEMENTS

COMMON /CALLL/ KCHAIN, KEND, KEFN
COMMON /CALL2/ KBCRED,
KREG KALC, KGEO KBBC ., KYBC, KLBC,
KRBC, NSN, NG NZ,
NR ¢ NTYPS, NMAT, LBUCK, KCTYP,
KSIS0e. KGST, KCTRy KCGGy KDREAD, KFLUXIy
1TMIMX, ITMIGM, NZONER, NZONEZ,
KACCEL » KALC1.» NFN» N2N» ITMPRT,
KBCOUP » KACAV, KGAVE s KNIP, KEDIT,
GLAM, EIGEN, EPS. XNF
RYF, TIMAX, CALCl, OMEGA, OMEGAP
C OMMUN /CALL3/
HZ, HY . BF «
KCA, KCF,
KONV, KF INSH, KASOR ¢ KUPS,
NBF» ND NGP1, NZPLl. NRP1l,
NIJe NTYNG, NONZ . NDNR o NDNIJ, NONZNG,
NXNZS» NAH NC ., NIJG, NBUCK,
1TMA, ITM], 1TMIST, ITMIGX, ITD,
NEGSOR LZSAV,
TIMEX., TIMEZ, SDGFGL SCALUP
COMMOUN /CALLA/ EPG EPGXy EPGM, EPGMP o
OMEGAS, OMEGPS,
EXTRAL, EXTRAZ, EXTRA3, EXTRAG, EXTRAS,
KXTRAL» KXTRAZ, KXTRA3, KXTRA4 . KXTRAS
COMMON /CLNNER/ 1TMIGs I1G. 12, JUP,
XITGG, X1TGGA LG . NEGPRT,; JZ. KX

THE DIMENSION STATEMENTS

DIMENS ION XKE(1)

DIMENS ION MALL)» ctl)
DIMENS ION Flll

CIMENSION vild

DIMENS ION XN{1l)e XJRI(1)» XJZ(1)
DIMENSION SGL(1)
DIMENSION SISOt(1}. ARSISO(1l}, AZsIsOtl)

THE INTEGER FUNCTIONS
INDEX(L ENGTHe INDEXO s INDEXL)=LENGTH* (I NDEXO—1) +INDEXL
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1000 IF (KREG) 1140.,1140,1130

1130 K1=INDEX{NTYPS,IG+KCF)
DO 1135 IJd=1sNIJ
K=1ABS(MA({1J})
K2=INDEX(NTYNGsK,K1)

L1135 SISO{IJ)=C(K2)*F(1J)
GU TO 1150

1140 DO 1145 ld=1.NIJ

1145 SISOUIJ)=XKELIGI*F(1J)

1150 IF (KSISO? 1155,1155,1151
1151 00 1152 1J=1.N1J
1152 ARSISO{14)=0.0

IF {NZ-1) 1155,1155,1153
1153 DO 1154 14=1.NI1J
L1154 AZSISO(1J)=0.0

UP SCATTERING

[N aN el

L1595 KosCuP=aCGG—(KCTR+1)
N=16G
ITY=KCGG
fF (KSCUP) 1250,1250,1160
1160 IF (KREG) 116l1,1161,1163
1161 IF ({IG+1)-KUPS) 1250,11161,11161
11161 If (IG-NG) 1162,1250,1250

1162 N=N+1

GO TO 1170
1163 IF (IG-KUPS) 1250,1250,1164
1164 N=N-1

1170 [Ty=1TY-1
IF (KREG) 1171.8171,1172
1171 K1=INDEXINTYPS,IG.ITY)
GO TO 11175
1172 K1=INDEXINTYPS,N,ITY)
L175 1JG=INDEX{NIJsN+0O)
DO 1200 [J=1.NI1J
1J4G=1JG+1
K=TABSIMA(IJ))
KA=K
IF (KSISO) 1180.,1180,1176
1176 IF (MA(I1J)) 1177,1180,1180
1177 KA=K+1
1180 K2=INDEX{NTYNGsK¢K1)
IF (C({K2)) 1185+,1190,1185
1185 SISOL1J)=SISO(IJ)I+CIK2)&XN(IJG)
1190 IF (KSISU) 1200,120C,1191
1i91 1F (KA-K) 1200,1200,1192
1192 K2=INDEX{NTYNGsKA,KL1})
IF (CUK2)) 1195,1200,1195
L195 ARSISO(IJ)=ARSISOLIJI+CIKZ) *XIR(IJG)
If (NZ—-1) 1200,120C,1196
1196 AZSISO(IJ)=AZSISO(IJ)I+CUK2)I*XJZ{1JIG)
1200 CONTINUE
IF (KREG) 1205,1205,1215
1205 IF (N-NG) 1210+1250,1250
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1210
1215
1220

[aX N pl

1250
1251

1252

1260
1265
1266
1270

1275
1280

1286
1287
129C

1295
1300
1305
1310

1315

1320
1325

1330
1335

[aNzNpl

1350
1355

1360
1365

1370
1375

1400

(o] (2N 2N g

IF ({KCGG—ITY)-KSCUP) 1162+1250,1250
LF (N—-KUPS} 125041250,1220
IF ({KCGG-ITY)-KSCUP) 1164,+125C,1250

COWN SCATTERING

If (KREG) 125141251,1252
N=0

ITY=KCGG+IG

IF (16-1) 1350,135C.1260
N=NGP1

ITY=KCGG+{NGP1-IG}

If (1G-NG) 1260+1350,1350

ITY=1TY-1

IF (KREG)} 1265,1265,1270
N=N+1

IF INTYPS—-ITY) 1260,126641266
K1=INDEXINIYPS,IG,ITY)}

GO 70 1280

N=N-1

IF (NTYPS—1TY) 1260,1275,1275
K1=INDEX{NTYPSsNe1TY)
{JG=INCEX(N1JsN,O]}

DO 1325 lJ=1eNI1J

1JG=1J4G+1

K=1ABS{MA(1J))

KA=K

IF (KSISO) 1290+1290,1286

IF (MACIJ)) 1287,129041290
KA=K+1

K2=INDEXINTYNG+KoK1)

If (C(KZ2)) 1295,1300,1295
SISO(IJ)=SISOUIJI+CIK2IEXN(IJG)
IF (KSISO) 1325.,1325,1305

1f (KA-K) 1325,1325,1310
K2=INDEXINTYNGeKA,K1)

IfF {C{K2)) 1315,1325.,1315
ARSISOUIJI=ARSISO{TJ}I¢CI{K2}*XJIR{I JG)
IF (NZ-1) 1325.,1325.1320
AZSISOUIJ)=AZSISO{1J)I+CIK2)$XIZ(1JG)
CONTINUE

IF (KREG) 1330G,1330.1335

IF (N—(iG-1)) 1260,1350,1350
IF (N-{1G+1)) 135041350,1260

FINISH FIXED SOURCE

DO 1355 [J=1.NIJ

SISOt 1J)=S150(1HI*ViLJ)
SGLIGI=SG(IGI+SIS0(1J)

IFf (KSISO) 14004140041360
DO 1365 lJ=1.NI1J
ARSISO{IJI=ARSISOL 1JI*V(]1J)}
IF (NZ-1) 1400.1400,1370
DO 1375 IJ=1N1LJ
AZSISOUIJ)=AZSISOL LI I®.VIIJ)

RETURN

END
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XNR ¢ XJRNs XJZN s XJRA$sXJZA3 X JRRsXJZR

XNM18OsWHITE,

SUBROUTINE INNER ( XKEy MAs Cy DRy DZs MRy Wy Fo

1 XNOSs XNOSUP, XNZS,

2 VsARSAZHDELZ, KFING,KASBRG» SGyASGy XNGsHNLG»
3 VNLG*XNLG> CTsCGG9CGGA»TVLKSISOsSTSARSISOsAZSISOsARST s
4 AZSTsDC» XNT 9 XND s XNORs XNORUP s XNM s XNZ 9 XNZR » XNN s XNA»
5

-]

BUCLKsBUCKG, MXVARILZESIUM )
c !
C SUBROUTINE INNER PREFORMS THE INNER
C GIVEN GROUP 1Ge
C
C
C
C
C
C
C
C THE COMMON STATEMENTS
COMMON /CALLYY/ KCHAIN KEND
COMMON /CALL2/ KBCRED
1 KREG» KALC KGEOQs KBBC
2 KRBCs NSN
3 NR NTYPS, NMAT , LBUCK
4 KS1s0, KGS Ty KCTR KCGG,
5 ITMIMX ITMIGM,
6 KACCEL KALC1, NFNy N2N,
7 KBCDUP, KACAV, KGAVE s KNIP,
8 GLAM, EIGEN,
9 RYF s TIMAX, CALCl,
COMMON /CALL3/
1 HZ o HY »
2
3 " KONV» KFINSH, KASOR s KUPS
4 NBF » NDy NGP1, NZP1,
5 NIJ, NTYNG, NDNZ » NDNR
6 NXNZS NAR» NCy NIJG,
7 1TMAS ITMI ITMIST, ITMIGX>
8 NEGSOR s
9 TIMEX, TIMEZ,
COMMON /CALLSL4/ EPGy EPGX s
1 OMEGAS» OMEGPS»
2 EXTRAL, EXTRA2, EXTRA3,
3 KXTRA1, KXTRA2 KXTRA3,
COMMON /CINNER/ 1TMIG» IG»
1 XITGGy XITGGA, LGy NEGPRT»
C
C THE DIMENSION STATEMENTS
DIMENSION XKE(1})
DIMENSION MA(1), c(l)y
DIMENSION DR(1) DZ(1})y
1 W(l)
DIMENSICN F(1l)
DIMENSION XNOS(1), XNOSUP (1),
DIMENSTION V{l)s AR(1}
1 DELZ (1)
DIMENSION KFING{(1) KASORG(1)
DIMENSION SG(1)y ASG(1})y
1 XNG(1)»
2 VNLG(1) XNLG(1)
C

(OR MINOR) ITERATIONS IN A

KEFN
KTBC» KLBC»
NG NZ»

KCTYP,
KDREAD KFLUXT s
NZONER NZONEZ s

ITMPRT»
KEDIT»
EPS, XNF o
OMEGA), OMEGAP
BF »
KCA, KCFy
NRP1,
NDNIJ» NDNZNG»
NBUCK s
ITD,
LZSAV,
SDGFG1l, SCALUP
EPGM, EPGMP »

EXTRA4 EXTRAS
KXTRA4 KXTRAS
12, JUP
JZs KX

MR (1)

XNZS(1)
AZ (1)

HNLG(11
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150 FORMAT (1Xs 6HSCALE=,F10+6+8H FOR IG=4134,11H AND ITMIG=,13,
19H AND WAS SET 70 1.0 )

1
2
3
1
2

1
2

1

1

DIMENSION CT(1),
TVLK (1)
ARSISD(1),
AZST(1)
XNI(1),
XNORUP (1),
XNZR(1)
XNN(1)
XJRNI(1)
XJZA(1)
XNM1B80O(1),
BUCKG(1)

DIMENSION

DIMENSIDN

DIMENSION

THE FORMAT STATEMENTS

20C FORMAT (211095Xs5E17e7)

99¢C

1000

1025

1050

1060

1065

107¢C

1075

1100

1101
1102

THE INTEGER FUNCTIONS

CGG(1)y
SIS0(1)s
AZSISO(1y s
DC(y
XNG(1)
XNM(1),

XNA(1)
XJIN(1)»
XJRR(1),
WHITE(1),
MXVARI (1),

CGGAl(1l)
ST(1),
ARST (1),

XNOR(1) s
XNZ(1),

XNR(1)s
XJRA(1)
XJZR (1)}
BUCLK(1},
ESTJUM(])

INDEX(LENGTHs INDEXO» INDEXL)Y=LENGTH* ( INDEX0-1) +INDEXL

ITERATIONS FOR A NEW Z DOWN AND UP PASS IN A GIVEN GROUP 16

BEGIN HERE.

NEGPRT=0

ITMIG=1TMIG+1
I1TD=1TD+1

TO INITALIZE THE NEW FLUX AND CURRENTS TO ZERO FOR THE DOWN AND

UP PASS,

DO 1050 IJ=1,N1J
XNATIJ)=XNN(TJ)
XNN(1J)=Ce0

IF (KSISO) 1100,1100,1060
DO 1065 IJ=14NIJ
XJRA(TJI=XIRN(IJ)
XJRN{1J)=040

IF (NZ-1) 1100+1100,1070
DO 1075 1J=1,N1J
XJZALTI)=XJZN(1J)
XJZN(1J)=0,0

ITITALIZATIONS FOR THE TOP BOUNDARY AND THE INITIALIZATION TO
ZERQO OF SUMS PREFORMED DURING A DOWN AND UP PASS ARE DONE HERE.

ESC=0.0

ESIUM(1G)=040

ESM=0,0

EAM=0,0

XNG(1G)=0.0

1F (KSISO) 1102,1102.1101
ASG(1G)=0,.0

XITGG=00
XITGGA=0,
LG=0
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1105

1110

1111

1115

1120

1125

1130

[a¥NaNaXa]

115C
1155

1160

1165
1180

1185

1190
1195

AN OONN

1200

HNLGR=04C
HNLGL=0+0
HNLGLIG) =040

IF (NZ-1) 11055110551110
XNZS(1)=0.C

XNZ(11=0.

G0 1O 12CO0

VNLG(IG)=0.,0

DD 1111 M=1,ND
DZ(My==-D2 (M)

IF (KTBC) 11159111541125
DO 112C 1=1yNR

DO 1123 M=1,4ND
K=INDEX(NDs1sM)

XNZ (K) =0,

GO 10O 1200

DO 1130 I=1sNR

DO 1130 M=1,ND
K=INDEX(ND»I M)
K1=INDEX(NDNRsIGsK)

XNZ (K)=XNZS (K1)

TO COMPUTE THE VERTICAL TOP BOUNDARY NEUTRON LEAKAGE FOR BEFORE

THE Z DOWN AND UP PASS,

IF (KTBC-3) 1185+115551185
DD 118C I=1,NR

TEMP=0.0

TEMP1=040

DO 1160 M=1,ND
K=INDEX{(NDs1IsM)
TEMP=TEMP-W (M) *DZ (M) *¥XNZ (K}
TEMP1=TEMP1-W(M)*DZ (M)
TEMP1=TEMP/TEMP1

DO 1165 M=1,ND
K=INDEX{NDs I sM)

XNZ (K)y=TEMP]

CONTINUE

DO 1195 1=1sNR

TLG=C.0

DO 1190 M=1,ND
K=INDEX(NDsI M)
TLG=TLG+W (M) ¥DZ (M) #XNZ (K)
VNLG(IG)=VNLGLIGI+TLG*AZ (1)

ITERATIONS IN A NEW Z INTERVAL 1I2Z

IN A GIVEN Z DOWN AND UP PASS

AND A GIVEN GROUP 1G BEGIN HERE.

IF (LG)

1300+1300+1306

TO COMPUTE THE TOTAL CROSS SECTINN LOSS AND STORE THE WITHIN GROUP
SCATTERING CROSS SECTION BY MESH INTERVALS AND TO STORE
EFFECTIVE BUCKLING CROSS SECTIONS IF USED.

AN NOONOD
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1300 Kx=0
GO TO 1310
1305 KXx=1
1310 Jz=1iz
CALL SORAXS ( MA, Vo Co CTy CGGy
1 CGGA» TVLK s BUCLK, BUCKG )
IF (LG) 1325,13255140C0

TO COMPUTE THE TOTAL BASIC SOURCE BY ADDING THE SELF~SCATTERING
SOURCE TOD THE FIXED SOURCE FOR THE GIVEN Z MESH INTERVAL IZ.

[aNaNaXal

1325 DO 1326 I=1sNR
TJ=INDEX(NRsIZo1)
1326 ST(I)=SISD(TIJUI+COGIII*XNA(TIY)
IF (KSISO) 1400,140051350
1350 KASORG(1G)=0
DO 1385 I=1,sNR
TEMP=3,0%5T(1)
1J=INDEX(NRsIZ,H1)
ARST(1)=ARSISO(IJ)+CGGA(TI)*XJRA(II)
IF (TEMP-ABS(ARST(I}1)) 1355513601360
1355 KASORG(IG)=KASORG(IG)+1
ARST(I)=SIGN(TEMPsARST(I})
1360 IF (NZ-1) 1370,1370,1361
1361 AZST(I)=AZSISO(IJI+CGGA(TII*XJZA(1D)
IF (TEMP-ABS(AZST(I1))) 136551370,1370
1365 KASORG(IG)=KASORG(IG)+1
AZST(I)=SIGN(TEMPAZST (1))
1370 IF (JUP) 13754+1375,1385
1375 ASG(IGI=ASG(IG)+ARSISO(IU)
IF (NZ-1) 1385,1385,1380
1380 ASG(IG)=ASG(IG)Y+AZSISO(IY)
1385 CONTINUE

C

C

C TO COMPUTE THE ANGULAR FLUX FOR ND DIRECTIONS (IN EACH HALF IF A

C 2 DOWN AND uP PASS FOR A TOTAL DF 2%*ND DIRECTIONS) BY RADIAL

C MESH INTERVALS AND TO sSuM IN ORDER TO GBTAIN THE NEW AVERAGED

C FLUXES XNNe

C

C

1400 XLLG=0.,0

CALL FLUX ¢ AR(1)9sAZ(1)sDELZ(1)sDR(1)sDZ211)sMRIL1) sW(1),
1 CTU1)9STI2)sARST(1)9AZSTI114DCH1), XNICL)sXNOC1)sXNDOS(1)y
2 XNOSUP (1) s XNM(13+4XNZ(1) XNN(1), XJRN{1) 9XJZN(1)
3 XNM180(1)sWHITE(1), XLLG )

TO COMPUTE THE HORIZONTAL NEUTRON LEAKAGES,.

NONNN

1450 RLG=0.0
DB 1455 M=1,ND
1455 RLG=RLG+W(M)*DR (M) *#XND (M)
RLG=RLG*AR(NRP1)*DELZ(12)
HNLGR=HNLGR+RLG
GD TO (145651460+1460)s KGED
1456 1F (KLBC) 1457,1457,1460
1457 XLLG=XLLG*AR(1)*DELZ(1IZ)
HNLGL=HNLGL+XLLG
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1460

1461

1462
1465

a¥aNaXala!

1470
1475
1480
1485

1490
1495

NnNNONN

1500

1505

151¢C
1515

1520

aNaNeNaXa YA

1525
1526

1527
1528

1529

124

TO STORE THE RADIAL BOUNDARY ANGULAR FLUXES.

DO 1465 M=1,ND
K=INDEX(NDyIZ M)
L=INDEX(NDNZsIG,K)

IF (JUP) 1461+1461,1462
XNOS(L)I=XNO(M)

GD TO 1465
XNOSUP (L) =XNO (M)
CONTINUE

TO CONTROL THE z DOWN AND UP PASSe

IF (NZ-1) 1600,16C0,51475
IF (JUP) 1480148051490
IF (1Z-1) 1500,1500,41485
12=12-1

IF (LG) 1300+1300»1305

IF (IZ-NZ) 1495,154051540
12=1Z+1

IF (LG) 1300,130051305

TO COMPUTE THE VERICAL BOTTOM BOUNDARY NEUTRON LEAKAGES.

BLG=0,C

IF (KBBC) 1505,5150541525
DO 1515 I=1sNR

TEMP=C,0

DO 1510 M=1,ND
K=INDEX(NDs1 4M)
TEMP=TEMP-W({M)*DZ (M) *¥XNZ (K)
BLC=BLG+TEMP*AZ ()

DO 1520 I=14NR

DO 1520 M=14ND
K=INDEX(NDyI M)

XNZ (K)=0.

RE~STORE THE OUTWARD DIRECTED ANGULAR FLUXES AT THE BOTTOM
BOUNDARY TO BE UPWARD DIRECTED FLUXES AFTER UNDER GOING 180
DEGREE ROTATION AND REFLECTION ABOUT THE FIRST DIRECTION
MID-POTINT.

IF (XBBC-4) 1538515261538
ITEMP2=MOD(NRs2)
ITEMP1=NR/2

IF (ITEMP2) 152851528,+1527
ITEMP1=1TEMP1+1]

K=0

ITEMP=NRP1

DO 1537 I=1,1TEMP1
ITEMP=1TEMP-1

Kl=K

DO 1529 M=1,ND
K1l=K1+41

XNO (M) =XNZ (K1)
MM=0

DO 1532 M=1,ND




1530

1531

1532

11532
1533

1534

1535

1536
1537

[aNa¥a!

1538

1539

[a¥aNaNaNa KAl

1540

1545
155¢C

aNaks!

1560

K=K+1

IF (ABSIWIM))-0,1E~09) 1530+1530,41531
MM=MM+1

L=INDEX{NRsMMsITEMP)

XNZ (K)}=XNM18D (L)

GO TO 1532

M1=MR (M)

K1=INDEX(NDs ITEMPsM1)

XNZ (K)y=XNZ (K1)

CONTINUE

IF (1-ITEMP1) 1533,11532,1537
IF (ITEMP2) 1533+1533,1537
MM=0

K2=INDEX(NDsITEMPs0)

DO 1536 M=1,ND

K2=K2+1

IF (ABS(W(M)}-041E-09) 153441534,1535
MM=MM+1

L=INDEX(NR MM, 1)

XNZ (K2)=XNM180(L)

GO TO 1536

M1=MR(M}

XNZ {K2)=xXNO(M1)

CONTINUE

CONTINUE

SET PARAMETERS 7O GO FROM BOTTOM TO TOP THROUGH THE MESH.

JUP=1

12=1

DO 1539 M=1sND
DZ{M)y=-DZ (M)

IF {LG) 1300513001305

TD COMPUTE THE VERICAL TOP BOUNDARY NEUTRON LEAKAGE FDOR AFTER
THE Z DOWN AND UP PASS,

TLG=040

DD 1550 I=1,NR

TEMP=0,.0

DO 1545 M=1,ND
K=INDEX(NDs1IsM)
TEMP=TEMP+W (M} #DZ (M) #XNZ (K)
TLG=TLG+TEMP*AZ (1)
VNLG(IG)=VNLG(IG)+TLG

TO STORE THE TOP BOUNDARY ANGULAR FLUXES.

IF (LZSAV) 1600,160051560
DO 1565 I=1sNR

DO 1565 M=1,ND
K=INDEX{NDs1sM)
L=INDEX(NDNR s IG,4K)
XNZS(L)=XNZ(K)

IF (LG) 16105161051650

125



TO CHECK FOR THE NECESSITY OF MAKING A NET LEAKAGE
CORRECTION PASS AND TO SAVE CERTAIN PARAMETERS WHEN THIS IS
REQUIRED,

[aNaRa¥aNa!

1610 RAHLK=0e0
HLK=04,0
IF (KRBC-1) 161351611,1611

1611 TEMP=0,0
DO 1612 J=1,N2Z
TIJ=INDEX(NRsJsNR)

1612 TEMP=TEMP+XNNI(I1J)
TEMP=ABS(TEMP)
HLK=ABS(HNLGR)

IF (TEMP) 11612,1613511612
11612 RAHLK=HLK/TEMP

1613 IF (NZ-1) 1618,161841614

1614 1F (KTBC-1) 1618+1615,1615

1615 TEMP=0,0
DO 1616 I=1sNR
IJ=INDEX{NRsNZ,1)

1616 TEMP=TEMP+XNNI(1J)
1F (TEMP) 1161651617511616

11616 RAVLK=ABS(VNLG(IG)/TEMP)
IF (RAVLK~(EPG/1040)) 161741617,1620

1617 IF (ABS(VNLG(IG))-(EPG/10,0)) 1618+1618+1620

1618 IF (RAHLK-(EPG/1040)) 1619,1619,1620

1619 IF (HLK-(EPG/1040)) 1700,1700+1620

1620 IF (ITMIG-1) 1700s1700+11619

11619 IF (EPGX-041) 11620411620,1700
11620 LG=1
DO 1623 1J=1sNIJ
XNR(IJI=XNN(TJ)
XNN(1J)=040
IF (KS1SO) 1623451623+1621

1621 XJRR{TIJ)=XURNI(IJ)
XJRN(I1J)=0,0
IF (NZ-1) 1623,1623+1622

1622 XJZR(IJI=XJZNI(TJ)
XJZN(1J)1=040

1623 CONTINUE
DO 1625 J=1sNZ
DO 1625 M=1,ND
K=INDEX(NDyJsM)
L=INDEX{NDNZ s IG4K}
XNOR(K)=XNDS (L)

IF (NZ-1) 1625+1625451624

1624 XNORUP(K)=XNOSUP (L)

162% CONTINUE
IF (LZSAV) 16314,1631+1626

1626 DO 1630 *I=14NR
DO 1630 M=1,ND
K=INDEX(NDyIsM)
L=INDEX(NDNR s IGsK)
XNZR{K)=XNZS(L)

IF (KTBC) 1627,1627,1628

1627 XNZ(K)=04
GO T0O 163

1628 XNZ(K)=XNZS(L)

1630 CONTINUE
GO TO 1635
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[aXaNaka!

1631
1632
1633
1635

1636

1637
1640

1641
1645

1650

1651

1652
1653

1654

1655
1660

1656

1657

1663

1664
1665

1668
167C

1675

IF (NZ-1) 1635,1635,1632
DO 1633 K=14NDNR

XNZ (K)=0,.

HNLG(1G)=HNLGR

HNLGR=040

HNLGLR=HNLGL

HNLGL=040

DB 1640 I=1sNR

ST11)=040

IF (KSI9D) 16404+164051636
ARST(1)=0.0

IF (N2-1) 1640,1640,1637
AZS5T(1)=040

CONTINUE

IF (NZ-1) 1400,1400,1641
DO 1645 M=1,ND
DZ(M)=-DZ (M)
VNLGR=VNLG(IG)
VNLG(IG)=0.0

BLGR=BLG

JupP=0

12=NZ

GO TO 1150

TO AVERAGE THE SAVED QUANTIES WITH THE CORRECTED VALUES SUCH
THAT THE NEY CORRECTED PORTION OF THE LEAKAGE WILL BE ZERD.

TEMP1=0.0

TEMP2=040

IF (KRBC) 1652,1652451651
TEMP1=TEMP1+HNLG(IG)
TEMP2=TEMP24+HNLGR

IF (KTBC) 1654,51654,51653
TEMP1=TEMP1+VNLGR
TEMP2=TEMP2+VNLG(IG)

IF (TEMP2) 1660+1655+1660
TEMP2=0e1E-10
TEMP=-TEMP1/TEMP2
HNLGR=TEMP*HMLGR+HNLG{ IG)
HNLGL=TEMP®HNLGL+HNLGLR

IF (NZ-1) 1657,165741656
VNLG(IG)=TEMP*YNLG{1G)+VNLGR
BLG=TEMP*BLG+BLGR

DD 1665 1J=1sN1J
XNN(TJ)=TEMP®XNN{TJI+XNR(IJ)
IF (KSISD) 1665+166551663
XIRN(TJU)=TEMP*XJRN(TUI+XIRR (1}
IF {NZ-1) 1665+1665,1664
XJIZNCIJ)=TEMP*XJZN(TJI+XJZR(IN)
CONTINUE

DO 1670 J=1sNZ

DO 1670 M=1,ND
K=INDEX{NDsJsM)
L=INDEX(NDNZ s IGsK)
XNOS{LY=TEMP®XNOS (L )+XNOR(K)
IF (NZ-1) 1670,1670,1668
XNOSUP (L) =TEMP®XNOSUP (L) +XNORUP (K}
CONTINUE

IF {(LZSAV) 17CC,1700+1675

DB 1680 I=1sNR

DO 168C M=1,ND
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128

1680

NnAaNMNN

17C0

1705

la¥aNaNaEaNaXaNal

1720
1721

1722

1723
1724

1725
1726

1727

1730
1731
1732
1733
1734

1735
1736
1737

1738

1740

K=INDEX (NDsI M)
L=INDEX(NDNR,IG 4K}
XNZS(L)=TEMP#*XNZSIL)+XNZR(K)

TO COMPUTE THE NET LEAKAGES.

HNLG(IG)=HNLGR+HNLGL
XNLG(IG)Y=HNLGI(IG)

IF (NZ-1) 1720,1720,1705
VNLG(IG)=VNLG(IG)+BLG
XNLG(IG)=XNLG(IG)+VNLG(IG)

TO APPLY ACCELERATION BY OVER-RELAXATION USING THE FLEER METHOD
OF CHANGING THE DVER-RELAXATION FACTOR FOR THE REST OF A
GROUPS ITERATIONS AFTER CERTAIN CONDITIONS ARE MET IF KACZTEL
1S NEGATIVE.

IF (KACCEL) 172351721,1722
I1SCALE=0
GO TO 175
OMEGAT=0.
OMEGTP=0,
IF (ITMIG=1) 1721172151730
IF (ITMIG=1) 172451724,1725
OMEGAT=0,
FLXER=140
ISCALE=-1

IF (ISCALE-2) 1726+1748,1748
FLXERP=FLXER

FLXER=0.0

DO 1727 1J=1sN1J

FLXER=FLXER+ABS{ (XNNIIJ)I=XNA(TJY)I*V(II))
OMEGTP=0MEGAT

OMEGAT=FLXER/FLXERP

IF (EPGX-5040%EPS) 173151731,1721

IF (ISCALE) 1721+1732,1732

IF (ABS(SCALE-140)-10.0%EPS) 1733451733,1750
IF (KACCEL) 173551750451734

FLXER=EPGX

GO TO 1740

IF (ABS(OMEGAT-OMEGTP)=~04005) 1736917364+1740
IF (OMEGAT-NMEGAS) 174051740451737
FACTOR=(OMEGAT+0OMEGAS) / (OMEGA*SQRT (OMFGAT ) )
IF (FACTOR-14C) 173B,1740,1740
SCALE1=240/(1e0+SQRT(1.0~(FACTOR%%2)1)
SCALE2=SCALE1-1.0

ISCALE=2

GO TO 1745

SCALE1=0MEGA
SCALE2=0MECGAS
ISCALE=1
FACTOR=0,.




1745 IF (ITMPRT-21 1748,+1746+1746
1746 WRITE (65200) IGsITMIGsFLXEROMEGATsOMEGTPsFACTOR,SCALEL

1748 DD 1749 1J=1sN1J
1749 XNN(IJ)=SCALEI*XNN(TJ)-SCALE2*XNA(TJ)

STORE CERTAIN VARIABLES AND SCALE QUANTIES FOR A GIVEN GROUP IG »

[aNaNaNaKa]

1750

1751

1752

1761
1762
1765
1770

1771
1775

1780

1785

1750

1791

1795

1796

1

K1G=INDEX(NTYPS,IGsKCGG)
KX=1
DO 1775 JZ=1sN2Z
CALL SBRAXS ¢

CGGAs TVLK,
DD 1775 I=1sNR
I1J=INDEX(NRsJIZH1)
XNVIJ=V{1J)%XNN(TJ)
XNG(IG)=XNG{IG)+XNVIJ
K=TABS(MA(IJ})
K2G=INDEX(NTYNGsKsK1G)

BUCLKs

MA,
BUCKG

IF (MA(IJ)) 175191752,1752

KA=K+1
K2GA=INDEXINTYNG»KA,K1G)

TEMP=(XNN(ITJ)-XNA(IJ)}*V(1J)

ESC=ESCHC(K2G)I*TEMP
TEMP=ABS(TEMP)
ESIJ=ABS{C(X2G) ) *TEMP

IF (MACIJ)Y) 1761917621762
ESIJ=ESIJ+ABS(C(K2GA) I *TEMP
IF (ESIJ-ESIJUM(IG)) 1770+1770s1765

ESIUMUIGY=ESTY
MXVARI(IG)Y=1J
ESM=ESM+ABS(C(K2G))*TEMP

IF (MACIJ)Y)Y 1771177551775

ESM=ESM+ABS({C{K2GA))*TEMP

Vs

EAM=FEAM+{ (CT(1)/VITU))-C(K2G) ) *TEMP
IF {(XNG(IG)) 1785+1780,1785

ESM=0,0

EAM=0,0
ESIUMIIG)=0e0
GO TO 1790
ESM=ESM/XNG(IG)
EAM=EAM/XNG(1G)

ESIUM(IG)=ESTUMIIG)/XNG(IG)

ESM=ABS{ESM)
EAM=ABS(EAM)
ESTUMIIG)=ABS(ESIIM(IG))

SCALE=SG(IG) /{SG(IGY-ESC)
IF (SCALE) 1791+1791+1795
WRITE (6+150) SCALE,s IGs
SCALE=1e0

XNG(IG)=XNG(IG)*SCALE

XNLG{IG)=XNLG(IG)*SCALE
HNLGUIG)=HNLG(IG)*SCALE
IF (NZ2-1) 180C,1800,1796
VNLG(IG)=VNLG(IG)*SCALF

SCALING OTHER QUANTITIES.

1TMIG

Co

CTo

CGGs
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130

1800

1801

1802
1803

1806
1810

1811

1812
1813
1814

182¢C
1825
1830

1831

1832
1833

1836
1840

[aNaNa!

1845
1846

[aVaNaNaXa)

DO 1810 J=1sNZ
1J=INDEX(NRsJsNR)

IF (ISCALE) 1801,1801,1802
TEMP=1.0

GO TO 1803

TEMP=0RSCAL( 1J, SCALEls SCALEZs XNAs XNN )
DO 1810 M=1,ND

K=INDEX(NDyJsM)
L=INDEX{(NDNZ s 1GK)
XNOS(L)=XNOS(L)*TEMP*SCALE

IF (NZ-1) 1810,1810,1806
XNOSUP (L) =XNOSUP (L) #TEMP*SCALE
CONTINUE

IF (LZSAV) 1825,1825,1811

DO 1820 I=1,NR
LJU=INDEX(NRsNZs1I)

1F (ISCALE) 1812+1812,1813
TEMP=1,0

GO TO 1814

TEMP=0RSCAL( 1Js SCALEls SCALE2s XNA, XNN )
DO 182C M=1,ND

K=INDEX{(ND,s1IsM)
L=INDEX(NDNR»IG,sK)}
XNZSIL)Y=XNZS(L)*TEMP*SCALE

IF (KSISO) 1845,1845,1830

DO 1840 1J=1sNIJ

IF (ISCALE) 1831,1831,1832
TEMP=1,0

GO TD 1833

TEMP=0RSCAL( 1J, SCALEls SCALE2, XNA, XNN )
XJRNATJI=XIRN(TJ)*TEMP%SCALE
IF (NZ-1) 1840,1840,1836
XJZN(TJI=XIZN(TJ)*TEMPXSCALE
CONTINUE

SCALING FLUXES

DO 1846 IJ=1sNI1J
XNN{TJY=XNN(IJ)*SCALE

TO CHECK THE CONVERGENCE OF THE INNER ITERATIDONS.

IF (ESM-EAM) 185551855,1860

EPGX=EAM

GO TO 1865

EPGX=ESM

IF (KFING(IG)~-2) 1975,1866,1866

IF (ESTJM(IG)-EPG/100.0) 1870+187051900

IF (EPGX-EPG) 1875,:87551900

IF (KTBC) 189C,1390,1880

IF (NZ-1) 1890,1890,1885

IF (ABS{VNLG(IG)-BLG)~(EPG/B+0)) 1890,1890,1900
IF (KRBC) 192541925,1895

IF (ABS{HNLG(IG)-HNLGL)~-(EPG/840)) 1925192551900
IF (EPGX-0.05%EPGMP) 1905190551915
KFING(IG)==1

GO 70 19592

I[F (ITMIG-ITMIGM) 1920,193551935




1920 KFING(I1G)=2
GO TO 1960
1925 KFING(1G)=0
GO TO 1950
1935 KFING(1G)=1
1950 IF (EPGX~1CeO*EPG) 1955,+1955,1960
1955 IF (1TMPRT-3) 1960+1956+1960
1956 NEGPRT=1

GO TO 1965
196C NEGPRT=0
1965 JUP=0
12=N2
GO TD 1000
C
C
C
1975 RETURN
C
END
$IBFTC FLUX DECK
SUBROUTINE FLUX ARs AZs DELZy» DRs DZs MRy Ws
1 CTe STe ARSTs AZSTse DCs XNIs XNOs XNOSs XNOSUPs XNMs XNZs
2 XNNs XJRN» XJZN» XNM1BOsWHITE, XLLG )
C
C SUBROUTINE FLUX FOR SUBROUTINE INNER OF TDSN
C
C
C
C
C
C
C
C TO0 COMPUTE THE ANGULAR FLUX FOR ND DIRECTIONS BY RADIAL MESH
C INTERVALS 'AND SUM IN ORDER TD OBTAIN THE NEW AVERAGED
C FLUXES XNNe THE WEIGHTING FUNCTION W(M) SUMS TO ONE SO THE
C AVERAGE 1S AUTOMATICALLY OBTAINED. THE CURRENTS ARE ALSO
C COMPUTED FOR KSISO=1 .
C
C
C THE COMMON STATEMENTS
COMMON /CALLL/ KCHAIN, KEND, KEFN
COMMON /CALL2/ KBCRED
1 KREG» KALC» KGED » KBBC» KTBC» KLBC,
2 KRBC» NSNy NG NZ»
3 NRs NTYPS, NMAT » LBUCK » KCTYP,
4 KSIS0, KGSTs KCTR» KCGGy KDREAD, KFLUX T
5 ITMIMX, ITMIGM, NZONER NZONEZ s
[ KACCEL KALCl, NFNs N2Ns ITMPRT
7 KBCDUP, KACAV, KGAVE s KNIP, KEDITs
8 GLAM, EIGENS EPS, XNF o
9 RYF o TIMAX, CALCl, OMEGA» OMEGAP
COMMON /CALL3/
1 HZ s HY s BF »
2 KCAs KCFy
3 KONV KFINSH, KASOR, KUPS
4 NBF » ND s NGP1s NZP1l, NRP1ly
5 NIJ, NTYNG, NDNZ » NDNR NDNIJ» NDNZNG
6 NXNZS» NAR s NCs NTJG, NBUCK ¢
7 ITMAS 1TMI, ITMIST, ITMIGX ITD,
8 NEGSOR » LZSAV,
9 TIMEX, TIMEZ, SDGFG1, SCALUP
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152

COMMON /CALL&/ EPG, EPGX s EPGM,

1 OMEGAS » OMEGPS

2 EXTRAL, EXTRAZ2 » EXTRA3 EXTRAL,
3 KXTRALl, KXTRAZ s KXTRA3 KXTRAGL,
COMMON /CINNER/ ITMIG» 1G, 12y

1 XITGGs XITGGA, LGy NEGPRT JZ»

THE DIMENSION STATEMENTS

DIMENSION AR(1), AZ (1) DELZ (1},
1 DR{1) DZ(1)» MR (1)

2 W(l)

DIMENSION CT(L), ST{1)» ARST (1}
1 AZST (1) DC(1)

DIMENSION XNI(1l), XNO(1) XNOS(1)»
1 XNOSUP (1), XNM(1), XNZ (1)
DIMENSION XNN{(L)y XJRN(1), XJZNI(1)
DIMENSION XNM180(1), WHITE(1)

THE FORMAT STATEMENTS

EPGMP

EXTRAS
KXTRAS
JUP s

KX

FORMAT (16H ANGULAR FLUX ATsI6s9H FIXED TO»E13459s5H FROMsE13e5s
1 10H FOR ANGLEsI3418H AND MESH INTERVALsI4s9H IN GROUP,I3»

2 14H AND ITERATIONsI3)}

153 FORMAT (15H XNANG WAS ZEROs14,90H TIMES OVER ALL ANGLES AND R MESH
1 INTERVALS WITH NON-ZERD CROSS SECTION OF Z MESH INTERVAL,13,

1000
1001
1002

1003

1004

1005

1006

1007
1008
1009

2 10H AND GROUP I3}

THE INTEGER FUNCTIONS
INDEX(LENGTHs INDEXOs INDEXL)=LENGTH* (INDEXO~-1)+INDEXL

TO CALCULATE THE BOUNDARY ANGULAR FLUX FOR A WHITE RADIAL

QUTER BOUNDARY e

1F (KRBC-3) 1006s1001+1006

IF (JUP) 1€02+1002+1006
TEMP=0.0

WHITE(IZ)=0.0

DO 1005 M=14ND

IF (DR(M)) 1005,1005+1003
K=INDEX{NDsIZsM)
L=INDEX{NDNZ s IGsK)
TEMP=TEMP+W{M) #DR (M) *XNOS(L)
WHITE(TIZ)=WHITE(IZ)+W(M)%DR(M)
IF (NZ-1) 1C05,1005,1C04
TEMP=TEMP+W (M) *DR (M) #XNOSUP (L}
WHITE(IZ)=WHITE(IZ)+W(M)*¥DR(M)
CONTINUE
WHITE(IZ)=TEMP/WHITE(1Z)

NZNANG=0
TO SET UP FOR 180 DEGREE 80TTOM BOUNDARY REFLECTION.

118C=0

IF (KBBC-4) 11010+1007,11010
IF (JUP) 100851008,11010

IF (1z2-1) 11010,1009,11010
I18c=1

M18C=0




11c1¢0

1010
11011
11012
11013
11014

1011
1C15

1cac

1025
1030
1035
1040

1045

1050

1060

[aXaXal

11¢0
1105

1110
1115

[aNake!

1150

1155
1160

1165
1170

1175

1

DO 1550 M=1,ND
J180=0

SET ANGULAR FLuUX BOUNDARY CONDITIONS.

IF (DR{MJ)) 1025,1025,1010

M1=MR (M)

IF (1180) 11014411014,11011

IF (M-ND) 11012,11013,11013

IF (ABS{W(M+1))-0e1E-29) 11013,11013,11014
J180=1

GO TO (1011,1020+1020)s KGED

IF (KLBC-1) 1015+102C»1020
XLLG=XLLG-W{M1)*DR(M1)*XNI(M1)

XNO(M) =04
XNI (M)=0,
GO TO 1100

XNO (M)=XNI (M1}

XNIT (M)=XNI(M1)

GO TO 11c0

IF (KRBC-1) 1030+1035,1060
K=INDEX(NDsIZsM)

GO TO 1040

M1=MR (M}
K=INDEX{ND,s1Z M1}
L=INDEX(NDNZ s IGsK)

IF (JUP) 1045+104551050
XNO (M) =XNOS(L)
XNI(M)=XNOS(L)

GO 7O 1100

XNO (M) =XNOSUP (L)
XNI(M)=XNOSUP (L)

GO TO 11Co

XNO (M) =WHITE(12Z)
XNI(M)=WHITE(1Z)

DO 1500 I1=14NR

IF (DR(M)) 1110,1110+1105
1=11

G0 70 1115

1=NRP1-11
1JU=INDEX{NRsIZ»1)

COMPUTE THE GECOMETRY FUNCTIONS.

1P1=1+1

MM1=M-1
DAR=ABS(DR (M) ) *#{AR(IP1)}+AR(I)I*¥DELZ(12Z)
DBT=DAR

1F (NZ-1) 1155,1155,1160

DAZ=0.C

GD TO 1165

DAZ=ABS(DZ(M))*(20%AZ1{1})
DBT=DBT+DAZ

IF (ABS(W(M))-0,1E~09) 1170+117051175
DC(11=040

GD TO 1ls¢

DCUI)=~{W(M)*¥DR(M)+W(MML) *¥DR(MMI1) I * (AR(IP1)~AR(I)I*DELZ(IZ)+

W{MM1)*DC (1)
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NN

1180

120C
12C5

1216
1215
122¢C

1225
1230
1235

1240

1241
1245

1250

1255

1260
1265
127¢C
1275
1280

1285

130¢C
1305
1310

1315

132¢
1325
1330
1335
1340

1345
1350
1355

136¢C

DC(I)=DCIT)/WIM)
DBT=DBT+DC(I}
CBT=DBT+CT(I)

CALCULATE THE ANGULAR AVERAGE FLUX XNANG.

IF (DR{M)) 1205,1205s121C
TEMP=DAR#XNI (M)

GO TO 1215
TEMP=DAR*XNO (M)

IF (NZ-1) 1225,1225,1220
K1=INDEX(NDsI sM)
TEMP=TEMP+DAZ*XNZ (K1)

IF (ABS(W(M))-041E-08) 1235+12354+1230
TEMP=TEMP+DC( I )*XNM(T)
TEMP=TEMP+ST (1)

IF (KSISO) 1245,12454+1240
TEMP=TEMP+DR(M)#ARST (1)
IF (NZ-1) 1245,1245,1241
TEMP=TEMP+DZ (M} *AZST (1)
XNANG=TEMP/DBT

TO CALCULATE THE ANGULAR EXTRAPOLATED FLUXES.

TEMP=XNANG+XNANG

I1F (ABS(W(M))-0s1E-08) 125591255,1260
XNM {1} =XNANG

GO TO 1265
XNM(T)=TEMP-XNM(1)

IF (NZ2-1) 12754127541270
XNZ (K1)=TEMP-XNZ (K1)

IF (DR({M)) 1280,1280+1285
XNI(M)=TEMP-XNI (M)

GO TO 1300

XND (M)=TEMP-XNO (M)

TO TEST FOR A NEGATIVE EXTRAPOLATED VALUE FOR AN ANGULAR FLUXs

IF {LG) 13C55120591430

IF (XNANG) 1310,1320,133

KEFN=1310

TEMP=XNANG

XNANG=0eC

IF (NEGPRT) 1330,1330,1315

WRITE (6+152) KEFNsXNANGsTEMP sMsIJsIG» I TMIG
GO 70 1330

IF (ABS(CT(1))-0e1E-9) 1330+1330+1325
NZNANG=NZNANG+1

IF (NZ-1) 1350,1350,1335

IF (XNZ(K1)) 1340+1350,1350

KEFN=1340

TEMP=XNZ (K1)

XNZ (K1)=040

[F (NEGPRT) 135091350,1345

WRITE (64152) KEFNyXNZ(K1)yTEMP 4 Ms1J,yIGsITMIG
IF (XNM(I)) 13551365,1365

KEFN=1355

TEMP=XNM(T)

XNM{1)=0,.

IF (NEGPRT) 136551365,1360

WRITE (6,152) KEFN,XNM(1),TEMP,M,1J,1G,ITMIG
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1365
1370
1275

1380

1385
1390

1395

1425
1430

1450
1455
1460

15C0

1505

151C

1550

1575

1600

IF (DR(M)) 137C+137C»1385

IF (XNI(M)) 1375,1425,1425

KEFN=1375

TEMP=XNI (M)

XNI (M)=Oo

IF {NEGPRT) 1425+1425,1380

WRITE (65152) KEFNsXNI(M)»TEMPsMyI1Js1G,ITMIG
GO 7O 1425

IF (XNO(M)) 1390142541425

KEFN=139C

TEMP=XNO (M)

XNO (M) =0,

IF (NEGPRT) 1425142541395

WRITE (6+5152) KEFNyXNO(M)sTEMPsMsIJ21G,ITMIG

CALCULATE THE NEW NEUTRON FLUX XNN (THE AVERAGE OF THE ANGULAR
AVERAGE FLUXFS).

IF (XNANG) 1500515001430
XNNCIJI=XNN{TJ)+W (M) XXNANG

TO CALCULATE THE CURRENTS FOR ANISOTROPIC (P(1)) SCATTERING
THE MULTIPLYING FACTOR OF (2%L-1) HAS NOT BEEN INCLUDED HERE
SINCE IT 1S IN THE GAM-I1 CROSS SECTIONS,

IF (KSISO) 1500,15C0+1455

XIRN(T I =XJIRN(TJI+W (M) #DR (M} *XNANG
IF (NZ-1) 1500,1500,1460
XJIZNCII)I=XJIZN(TIY+W (M) XDZ (M) *XNANG
CONTINUE

STORE SOME ANGULAR FLUXES FOR 180 DEGREE BOTTOM BOUNDARY
REFLECTICN.

IF (J180) 15504155041505
DO 1510 I=1,NR
M1B80=M180+1
XNM180(M18C)=XNM(])
CONTINUE

IF (NZNANG) 1600+1600,1575
WRITE (65153) NZNANGs1251G

RETURN

END
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1

SUBRUOUTINE SORAXS ( MAe Vs C, CT, CGGe CGGA,
TVLK., BUCLK, BUCKG }

SUBROUTINE SCRAXS FOR SUBROUTINE INNER OF TODSN
TO LOOK UP THE WITHIN GROUP SCATTERING CROSS SECTION AND THE
TOTAL COLLISION LOSS CROSS SECTION AND COMPUTE ANY BUCKLING

LOSS CROSS SECTIONS TO ADD TO THE TOTAL COLLISION LOSS CROSS
SECTION.

THE COMMON STATEMENTS

COMMON /CALLY/ KCHAIN, KEND, KEFN
COMMON /CaLL2/ KBCRED
KREG KALC, KGED» KBBC KTBC, KLBC,
KRBC o NSN, NG » NZ,
NRy NTYPS, NMAT, LBUCK, KCTYP,
KS1S0, KGST, KCTR, KCGG e KDREAD, KFLUX T,
ITMIMX . ITMIGM, NZONER, NZONEZ .
KACCEL KALC1l» NFN,y N2Ny ITMPRT,
KBCDUP, KACAV, KGAYVE ,» KNIP, KEDIT,
GLAM, EIGEN, EPS, XNF o
RYF, TIMAX, CALCL. OMEGA OMEGAP
COMMON /CALL3/
HZ, HY, BF .
KCA, KCF»
KONV » KF INSH, KASOR . KUPS,
NBF » ND» NGP1., NZP1, NRP1,
NIJ. NTYNG, NONZ, NDNR » NONIJ, NDNZNG
NXNZS, NAR NC NIJG. NBUCK »
IT™MA, 1TMI, 1TMIST, ITMIGX, ITD,
NEGSOR, LZSAV,
TIMEX, TIMELZ, SDGFGl, SCALUP
COMMON /CALLS4/ EPGo EPGX, EPGM, EPGMP,
DMEGAS, OMEGPS,
EXTRAL, EXTRA2, EXTRA3, EXTRA4, EXTRAS,
KXTRAL, KXTRAZ2 KXTRA3, KXTRA4 , KXTRAS
COMMUN /CINNER/ 1TMIG, IG. Iz, JUP,
XITGG, XITGGA, LG NEGPRT, JZ. KX
THE DIMENSION STATEMENTS
DIMENS ION MA(l), vil), cll)
DIMENSION CT(1), CGG(1l), CGGA(1l)
DIMENSION TVLK{L),» BUCLKI(1), BUCKGI(1)

THE INTEGER FUNCTIONS
INDEX(LENGTHy INDEXO ¢+ INDEXL) =LENGTH* (INDE XO-1)+INDEXL




1000

1005
101C

(2N N aNaX gl

1015

1020

1025
1030
1050

1051
1052
1053

1054

[(zXalaXal

1100

1125
1130

1135

1175

o ofh o0

DO 1175 I=1+NR
LJ=INDEXINR.,JZ. 1)
K=TABS(MAL1J))

KA=K

i{F (KSISO) 1015,1015,1005
IF (MA(IJ4)) 1010,1015,1015
KA=K+1

YO0 COMPUTE THE TOTAL CROSS SECTION AND ANY TRANSVERSE LEAKAGE
CROSS SECTION FOR A GIVEN GROUP IG AND A GIVEN Z MESH
INTERVAL 12Z.

K1=INDEX{NTYPS, IG.KCTR)}

CL=0.0

K2=INDEX{NTYNG,»KeK1)

CE=C(K2)

IF (NBF-1) 1050,1050,1020
K2=INDEXINTYNG2KASK])

CTR=C(K2)

TEMP=ABS(CTR)
CL=((BF/(TEMP*HZ+1.42089216) )%%2)¥CTR
IF (HY-0.1E-7) 1030,10630,1025
CL=CL+({BF/{TENP*HY#1,.42089216})%%2)*CIR
IVLK{TJ)=CL*VI{ IJ)

CE=CE+CL

IF (LBUCK) 1052.1052,1051
CE=CE+BUCLKIIG)

IF (NBUCK) 105451054,10C53
K2=INDEXINGsK+ IG)

CE=CE+BUCKGI(K2)

CT{1)=CE*VI1J)

IF (KX} 110C.1100+1175

YO STORE THE WITHIN GROUP SCATTERING CROSS SECTIONS BY VOLUME
MESH INTERVALS.

K1=INDEXINTYPS,1G+KCGG)
K2=INDEX{NTYNGeK.K1)
CoGLII=Ci{K2)*VIIN
XITGG=X1VCG+CGG(I )

If (KSISO) 1175,1175,1125
If (KA-KJ 1130,1130,1135
CGGAL1)=0.0

GO TO 1175
K2=INDEXINTYNG.KA4K1)
CGGALI)=CiIK2)*V(1J)
XITGGA=X1TGGA+CGGA(I)

CONTINUE

RETURN

END
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OO0 60

SUBROUTINE DUMPBC

TO GIVE A BCOUMP OF THt PROBLEM.

THE COMMON STATEMENTS

COMMON X

COMMON /CALLL/ KCHAIN,
CUMMUN /CALL2/ KBCRED »
1 KREG KALC, KGEO,

2 KRBC»

3 NR » NTYYPS, NMAT «

4 KSISU, KGSTe, KCTR

5 ITMIMX,
6 KACCEL » KALC1, NFN,

7 KBCDUP, KACAV, KGAVE »
8 GLAM,

9 RYF, TIMAX, CALCL,
CCMMUN /CALL3/

1 HZ,

2

3 KUNV,y KFINSH, KASOR,
4 NBF, ND» NGP1,

5 NLJ, NTYNG NDNZ,

6 NXNZS, NAR, NC»

7 [TMA, ITMl. ITMIST,
8 NEGSOR,
9 TIMEX, TIMEZ,

COMMON /CALLSG/ EPG.,

1 DMEGAS,
2 EXTRAl, EXTRAZ,
3 KXTRAl, KXTRAZ,
CGMMON /COUTER/ KDRs

1 KNI KNG »

2 KNURUP o KNZR, KNR o

3 KNZ

COMMUN /CINPT1/ LKI,

1 LKAS, LAG, LFNG,

2 LSCG, LSDG. LSING.,
3 LXNB., LHNLG ., LVNLG»
4 LAR, LAZ, LR

5 LCT, LCGG, LCGGA,
6 LAZSO, LARST, LAZST,
7 LNM, LTVLK, LDELZ,
8 LMR, L, LNI,

C CMMON JCINPT2/ LMA,

1 LNA. LJRN, LJIN,

2 LJZR, L180, LNOUR,

3 LNZ, LNGSUP, LNZS,
4 LJR o LdZoe

KEND»

KB8BC»
NSN,
LBUCK,
KCGGy
ITMIGM,
N2N+y
KNIP,
EIGEN,

HY,

KUPS
NZPLl,
NDNR
NI JGo,
ITMIGX

EPGX s
OMEGPS,
EXTRA3,
KXTRA3,
KDZ
K180,
KJRR

LKE,
LSGo
LXNG»
LXNLG,
LRM,
LSISO,
LCUPS,
LZ,
LNO,
LV,
LJRAy
LNR,
LNOS,
LC,

KEFN

KTBC,
NG »

KDREAD,
NZ ONER,

KEDIT.
EPS,
OMEGA »

BF »
KCA,

NRP1l,
NONIJ
NBUCK »
ITD,
LZISAV,
SDGFGLl,
EPGM,

EXTRA4,
KXTRA4,
KMR,
KWHITE,
KJZR,

LFG,
LASG,
LJRG
LBUC,
LRA,
LST,
LESTJM,
LDR,
LN2N
LF,
LJZA,
LNORUP,
LNy
LNBUC +

KLBC,
NZ,
KCTYP,
KFLUXT»
NZONEZ,
ITMPRT,

XNF o
OMEGAP

KCF,

NDNZNG»

SCALUP
EPGMP,

EXTRAS,
KXTRAS
KWy
KNOR ¢

LKF,
LBNLG,
LJZG,y
LMXVAR,
LRAV,
LARSO,
LDC,
LDZ,

LNN,
LJRR,
LNZR,




o6 a6

OO0 600

C

C

130

980

990

1000
1005
1010
1015
1020

1030

1035
1036

1037

1040
1041

1045
1050

5 LWHITE. LBCDUP, LMID, LNMI,
6 LNMR LRMI, LDZ1, LCl.
7 LSTGs LNORM,
8 LNMRA, LNMZA. LiDM, LIDMAP,
9 LiDGP

COMMUN /CINPT3/ LAST], LAST2,
1 LAST3, LAST4. LAST

THE DIMENSIUN STATEMENTS
DIMENS ION x{17500)

THE FORMAT STATEMENTS
FORMAT (1+-$BOHEND OF BCDUMP END OF BCODUMP END OF BCDUMP
10 UF BCDUMP END OF BCDUMP )

THE INTEGER FUNCTIONS
INCEX{LENGTHe INDEXO+ INDEXL ) =LENGTH* (INDEXO-1)+INDEXL

KDUP=1

If (KBCDUP+1) 990,103C,1000
KouP=3

KBCOUP=—KB8CDUP

GU TO 102C

IF (KBCDUP—1) 1100,1005,1015
IF (KONV-1) 1010,1015,1010
IF (KONV+1l) 1100+1C15,1100
KDupP=2

CALL BCDUMP (KREGLAST)

CALL BCDUMP {X{1),XLLBLCDUP))

ITEMP1=LN—-1

ITEMP2=LJR~1

ITEMP3=LJI-1

DO 1040 IG=1,NG
K1=ITEMP1¢INDEX(NIJeIG,s 1)
K2=ITEMP1 +INDEXINIJ, IGyNI J}
CALL BCDUMP {X(K1l},X{K2})

GO ¥O (1040,1035,1035), KDUP
IF {KSISOJ3 1040,1040,1036
K1=1TEMP2¢INDEXINIJ,IG,1}
K2=ITEMP2+INDEX(NIJ+1GsNI J)
CALL BCDUMP {X{K1l)sX{K2))}

If (NZ-1) 1040.1040.,1037
Kl=1TEMP3I+INDEXINIJIG, 1)
K2=1TEMP 3+ INDEXINIJ,IG«NLJ}
CALL BCDUMP (X(KL}.X{K2))
CONTINUE

GO TO (1041.1045,1045}, KDUP
WRITE (64130)

GO T0 110C

GO TO {1041.,1041,1050), KDUP
WRITE (6,130)

LNP=LF-1

EN

139




CALL BCDUMP {X{LV)sXILNP))
WRITE (6+130)

C
C
[
1100 RETURN
C
END
$I8MAP BCDUMP 100+M94,DECK

7094 RELMOD ASSEMBLY.

$1BLDOR BCOUMP

$TEXT BCOUMP
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BINARY CARD iD.

BINARY

BINARY

BCuUMP ROUTINE FOR IBSYS

BLOUOCUR2

000U 1 COLVO G BLLVOS
U000L 0774 0C 2 ©0000
U0U02 (774 €O 1 CCUOO
00U03 0774 0C 4 0OUGO
V0C04 ©C2C 0C 4 00001
00005 0¢34 00 4 C600C
00006 (0634 GO 4 00204
00007 (634 00 4 00003
00010 Cé¢34 0C 1 00002
00011 0€34 0C 2 00001
00uUl2 (5C0 UC 4 00003
00013 0560 00 4 00004
00014 (0C40 00 € 01002
00ClS5 <131 0¢ C C000C
00016 4€00 00 0 00l44
00017 0534 00 1 00144
00020 04C2 00 0 00144
00021 €134 00 2 C000O
0u022 L 0UOOLl 2 01001
CARD ID. BCDUOGO3

00023 (0634 00 1 00041
00024 C€34 QU 2 00042
00025 0500 60 0 0V203
00026 <Ce&21 00 0 00121
00027 0€21 0C 0 CC040
0u030 01734 00 I 00000
00031 1 0CoUl 1 Cl001
00032 0€&34 CO 1 01001
0C033 0441 OC 0 0000C
00034 4056 00 040600C
00035 0G20 0C 0 01002
00036 0C2C 00 0 01003
00037 0C74 QC 4 0700C
00040 5 00000 G 0000C
U004l 01774 UG 1 00000
V0042 0774 00 2 00000
00043 7 00026 2 00131
00044 2 ©Q026 2 01001
00U45 0634 0C 2 00042
CARD ID. BCDUO0OO4

00046 0714 00 2 00026
00047 1 ©0500 2 01001
00050 4634 00 2 00144
00051 2 00500 2 01001
00052 €634 0C 1 00062
00053 0634 00 1 0Ul4es
00054 1 C0026 1 01001
00055 0634 00 1 00041
00056 0174 00 4 00027
00057 0600 00 4 00174

10001
10000
10000
10000
10000
10011
10001
10001
10001
10001
10000
10000
10011
10000
10001
10001
10001
10000
10011

10001
10001
10001
10001
100C1
10000
10011
10011
10000
10000
10011
10011
10011
10000
10000
10000
10001
10011
10001

10000
10011
10001
10011
10001
10001
10011
10001
10000
10001

ENTRY

oLOUMP SAVE

MON
Ixi
1x2
TEST

TESTA

Looe

CLEAK

CLA
LDQ
TLQ
XCA
sTQ
LXA
sus
PAX
TXI

SXA
SXA
CLA*
STA
STA
PAX
X1
SXA
LDI
LNT
TRA
TRA
TSX
MCN
AXT
AXT
XL
TIX
SXA

AXT
TxI
SXD
TIX
SXA
SXA
TX1
SXA
AXT
STz

BCDUMP

14244

3.4 PICK UP FIRST ARGUMENT
44 PICK UP SECOND ARGUMENT
*42

wD1 WOl HAS THE FIRST ADDRESS

wWDl,1 FIRST LOCATION IN INDEX 1

WDl

042 THE ND. OF WORDS DUTPUTED IN INDEX 2
*+14201 TRUE WORD COUNT

\
IX1.1 |
1X242 |
out |
RITE+1 |
MON
0,1
*+1slel ‘
*+]1,1 }
x%
040000
*42
%43
« OPEN 4
*k
*%,]
8,2
LASTC 2422
*+1424,22
IX2+2

ONLY 22 WORDS OR LESS LEFT

*4+41424+320
WDl,2
*+1+2+320
CLA,1
WDl,1
*t1,1422
ixi,1
2344

CKSUM+23,4

|
|
22,2
|
CLEAR THE BUFFER \
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BINARY

BINAKY

8l

8INARY

142

00060 2 00001 4 41001
00061 0774 0OC 4 00000
00062 0500 00 4 00000
00063 0601 00 4 00146
00064 1 791777 4 01001
VU065 2 V000L 2 41003
00066 0774 00 1 00000
00067 000 OU G CO200
0vu70 0771 0C 0 00001
CARD 1D. BLDUOOOS
00071 7 00143 1 01002
00072 1 77634 1 41002
QU073 0621 00 O QOLT75
00074 050C 00 0 00202
00075 (01771 0C 0 00001
00076 7 00011 1 01002
00077 1 77766 1 41002
OUlyu QeCl 0L 0 00176
00101  G5C6 00 0 00201
00102 V771 CO ¢ 00001
UULl03 7 GuOCO 1 01002
U104 L 77777 1 41002
001U5 46C2 00 0 00176
00106 0534 00 1 00066
Uul107 1 00001 1 01001
00110 7 01747 1 01002
Ooulill 0% 0C 1 00000
Ovtlz 0634 00 1 0U066
0uUll3 0774 CC 1 00026
CarUL 10. BCDUOOGCH
00114 45CC QU O 00144
00115 w0361 00 L OUL74
00116 2 00001 1 41001
00117 0U¢C2 CO 0 00145
0Ul2vu 0C74 00 4 10000
00121 O 00134 G 00000
00122 G CCCL34 0 00144
00123 0C20 CC G 00041
00124 0C20 00 0 01001
00125 C774 QC 1 Q0041
00126 0634 00 1 00123
00127 Q€34 00 0 00066
00130
0Ul13F 05G6 00 0 00124
vul32 0601 00 © 00123
00133 0020 00 G C0047
00134 C€CCCCGCCC0000
00134 0074 00C 4 04000
00135 1 0001 O 01003
CARD 1D. BCOUOOOQ7
U0136 ¢ GL204 0 CO140
00137 0 0000 O 00143

00140 QcCCCCcCoCVovo

10011
10000
10000
10001
10011
10011
10000
10001
10000

10011
10011
10001
10001
10000
10011
10011
10001
10001
10000
10011
10011
10001
10001
10011
10011
10060
10001
10000

10001
10001
10011
10001
10011
10100
10001
10001
10011
10001
10001
10001

10001
10001
10001
00010
10011
10011

10100
10001
00010

CLA

CNUM

RITE

RETURN

LASTC

EOF

TIX
AXT
cLa
sto
X1
TIX
AXT
CLA
ARS

TXL
TXI
STA
cLA
ARS
TXL
TXI
STO
cLAa
ARS
TXL
X1
ORS
LXA
TX{
TXL
AXT
SXA
AXT

CAL
ACL
TIx
SLw
TSX
PLE
10CD
TRA
TRA
AXT
SXA
SXA
RETURN
CLA
STQ
TRA
CALL

CALL

*~1le4al
0.4

Tk, 4
CKSUM+1,4
*+1,4,-1
*-3,2,1
*k,1
HUNBIT

1

*+2,1,99
*-241,4-100
GP+1l
BITT

1

424149
*¥-2,1,~10
WORD3
B8ITv

1

*+2,1.0
*-2,1,~1
WORD3
CNUM, L
*+1slwl
*+2,1,999
0.1
CNUM, 1
2241

WOl

GPy1
*—1,1.1
CKSUM
«WRITE 4
*®x,,EOF
WD1,.28
Ix1

®+]

IXis1
RETURN-1,1
CNUM
BCOUMP
RETURN
RETURN-1
TESTS
«FXEM.(EQF2)

EXIT

FILL THE BUFFER WITH
NEW DATA

CONSECUTIVELY

NUMBER

THE

BCDUMP

CARDS

FROM
ZERQ
T0

999

COMPUTE

THE
CHECK SUM

WRITE THE BINARY CARD ON THE QUTPUT TAPE




00140
00141
00142
00143
00144
00145
00174
00175
00176
00177
00200
00201
00202
00203
00204
00205

0C74 00 4 05000
1 COGOC 0 01002
G CC204 0 00141
¢ LOCCO O 00042
0 00000 0 00000
2€0C00000027
420C41004040
1€4C20400000
C 00000 C 00000
C C0000 0 00000
000Co00CL2000
006C200C0000
2CGC000C0000
0 UCCO0 0 11000
0GCCCooGou00
2223246444417

BINARY CARC ID. BCOUOOCOS

00000

CCONTRUL DICTIONARY

$SCDICT BCDUMP

BINARY (ARD ID. BLULUOOLO

00C2C6000000
60CC04000005
222324644447
00C206000000
222324644447
0€0C00000000
2223246444417
0C00V00Gu000
332667254433
2C€00001C0000
2561731636060
2Cu0GC1luuuoo
627062434623
2(CcCLoocoo000
334647254560
2CCCCO0CL000
336051316325
20G0C00C0000
3247233(3360
2CCGococuooo

10011}
10011
10100
10000 EOF2 PlE
10000 wWD1 PZE
00001 CKSUM B8SS
10000 oGP ocT
10000 ocT
10000 WORD3 PZE
10000 PIE
10000 HUNBIT OCT
10000 BITU acr
10000 BITT ocT
10011 oOurt PZE
10000 *LDIR
10000
01111 END
PREFACE
BCDUMP DECK
BCOUMP REAL
8CDUMP REAL
«FXEM. VIRTUAL
EXIT VIRTUAL
SYSLOC VIRTUAL
+OPEN VIRTUAL
-WRITE VIRTUAL
«PCH. VIRTUAL

$DKEND BCDUMP

34

23
420041004040
104020400000

2000
20000000
200000000000
«PCH.

START=0,LENGTH=134,TYPE=T094,CMPLX =5
LCC=0,LENGTH=134
LOC=0+LENGTH=0

LOC=0+LENGTH=0

SECT. '4,CALL
SECT. S5.CALL
SECT. 6
SECT. 7
SECT. 8

SECT. 9

000751

B8CDUOO0O9

8CDUOO11
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SYMBOL REFERENCE DATA

REFERENCES TU DEFINED SYMBOLS.
CLASS SyYMBOL VAL UE REFERENCES

BCDOUMP 000060 130

BITTY 0u202 T4

BITU 00201 101

CKSUM 00145 574634117
(LA 00062 52

CLEAR 00057

CNUM 00066 106411241217
EOF2 0Q143 137

EOF 00134 121

GP 00174 13.115
HUNBIT 00200 67

Ix1 00041 23+1554+123,125
X2 00042 24445

«. 0001 00003 T7+10.11
..0002 00004
«.000C3 0C0CS 0

LASTC oul31 43
LouP 00054
MUN 00040 27
ouTt 00203 25
RETURN 00124 12641314132
RITE coli2c 26
LCTR BLCTK
QUAL UNGS
LCTR 7/
TEST4 00047 133
TEST 00043
w0l UUl44 16917520,50¢5351144122
WURD3 00176 100,105

REFERENCES TG VIRTUAL SYMBOLS.

EXIT 5 140
<FXEM. 4 134
<UPEN 7 37

-PCH. 9 203
+WRITE 8 120
SysLocC [ 5

$IBMAF .PCH. €5 DECK

7C94 KELMUGD ASSEMBLY.

$1BLDR oPCH. 02/25/66 «PCHULUOO

$FILE  .PCH. 'PCH $oPPyKEADY CUTPUT ,BLK=28 ¢MULT IREEL ¢ BINyNULIST .PCHUOUL
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FILE DILTIUNARY.

SFDILT .PCH.

BINARY CARC ID. +PLHUGU3
2065C020060034  PLH FILE *PCH
GCLouLoLoouo
472330606060
6CeC606(6060
elelotololel
STEXT .PCHe

ENTRY

BINARY CAKD [D. .PCHDOOS
00000 G G0U00 U 04Ol 10010 .PCH. PZE
PCH FILE
LUGLEC 01111 tND

‘ CUNTROL DICT1uNARY

SCLICT oPCH.

BINARY CARD IC. .PCHUUGLZ
CLCOUL0CCouU PREFACE
GUULG40C00Us
324723303360 «PCH.  DECK
C00001006VU00
324172333360 «PCHe REAL
OLULUOoCLLOGO

$DKEND 4PCH.

SYMBUL REFERENCE DATA

REFERENCES TO OEFINED SYMBULS.

CLASS SYMBOL VALGE REFERENCES

PCHa gGace
FILE PCH 1 C
LCTR BLCTR
QUAL UNGCS
LCTR 1’/

PLHGUO2

BIN,CUTPUT \NUGHLVN»BLK=28

«PCHOQ04

«PCH.

PCH
¢ PPAREADY ¢ UUTPUT » BLK=28+MULTIREEL » 5 INNOL ST

-PCHOO0O
START=0+LENGTH=L+sTYPE=TU Y4 CMPLX=5
LOC=04,LENGTH=1
LOC=0+LENGTH=0
001184 «PCHUO08
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$IBFIC QUTPUT CECK

SUBROUTINE OUTPUT {(MA, FGoFs XNo XJRoXJIZy
1 Ve KFING ¢KASURG » AGyFNG+»SG+ASG,SCG+SDG,
2 SINGs XNG o XJRG 9 XJIZG 9 XNB s HNLG ¢« VNLG 9 XNLG ¢ BNLG » STGs
3 XNORM, BUCLK, MXVARIJESIJM )}
C
C SUBROUTINE QUTPUT IS THE OVERLAY (OR CHAIN) SUBROUTINE OF TDSN
C THAT WRITES OUT THE FINAL VALUES OF THE ITERATED QUANTITIES
C AND COMPUTES AND WRITES OUT EXTRA OUTPUT BASED ON THE
c FINAL ITERATED VALUES.
C
C
C
C
C
C
C
C THE COMMON STATEMENTS
COMMON /CALLLY/ KCHAIN. KEND, KEFN
COMMON /CALL2/ KBCRED,
1 KREG KALC,» KGEO » KBBC, KTBC, KLBC,
2 KRBC » NSN, NG » NZ,
3 NR, NTYPS, NMAT, LBUCK, KCYYP,
4 KSISG» KGST, KCTR, KCGGy KDREAD, KFLUXI
5 ITMIMX, I TMIGM, NZONER, NZONEZ,
6 KACCEL KALC1, NFN, N2Z2N, I TMPRT,
7 KBCDOUP, KACAV, KGAVE » KNIP, KEDIT,
8 GLAM, EIGEN, EPS, XNF +
9 RYF, TIMAX, CALCl, OMEGA, OMEGAP
CCOMMON /CALL3/
1 HZ HY ., BF .
2 KCA, KCF,
3 KONV, KF INSH,. KASOR + KUPS,
4 NBF 4 ND, NGP 1, NZPl, NRP1,
5 NIiJe NTYNG, NDNZ, NDNR NDNIJ. NDNZNG,
6 NXNZS, NAR, NC » NI1JG NBUCK ,
7 1TMA, ITMI, ITMIST, 1TMIGX, ITDy
8 NEGSOR, LZSAV,
9 TIMEX., TIMEZ, SDGFGL, SCALUP
COMMON /CALL4Y EPGo EPGXy EPGM, EPGMP,
1 OMEGAS, UMEGPS,
2 EXTRAL, EXTRAZ2, EXTRA3, EXTRA4, EXTRAS,
3 KXTRA1, KXTRA2, KXTRA3, KXTRA4 KXTRAS
C
C THE DIMENSIUN STATEMENTS
DIMENS [ON MA(1)
DIMENS IUN FG{Ll), F(l)
DIMENS ION XN(1), XJRUL) o XJz(1
DIMENSION vil}
DIMENSION KFINGI1). KASORG(1}
DIMENSIUN AG(1), FNG(1),
1 SGl1), ASGILL), SCGILI),
2 SDG(1), SING(1), XNG(L1),
3 XJRG{1)» XJ261(1), XNB(Ll).
4 HNLG{ 1), VNLG 1), XNLG{1)
5 BNLG( 1)




OIMENSION pucLxtl}, MXVARI(1),
1 ESIJM(1)

CIMENS ION STG(1}

DIMENSION XNORML1)

THE FORMAT STATEMENTS
100 FORMAT (1H1}
103 FORMAT (1H )
111 FORMAT {8114)
113 FORMAT (BEl4.6)

120 FORMAT (126H ITMA 1TMI ITMIGX ITD TIME REQ EPG
1EPGM KASOR KONV KFINSH NEUTRON BAL GLAM E
21GEN }

121 FORMAT {14016914017+43E14.6914e15¢16,E18.8,2F16.8)

122 FORMAT (1HK.50HTHE GROUP CUNVERGENCE. KFINSH BY GROUP {KFINGILIG))}

123 FORMAT (1HL,28HTOTAL NEUTRON FLUX {XNGLIG)))

124 FORMAT (1HL,23HFISSION SOURCE (FGLIG)))

125 FORMAT (1HK,31HIN SCATTERING SOURCE {SING(IG)))

126 FORMAT (1HK.29HOUT SCATTERING LOSS (SDG(IG)})

127 FORMAT (1HK,32HSELF SCATTERING SOURCE (SCGLIGIN)

128 FORMAT (1HK,35HNON—-SELF SCATYTERING SOURCE (S5GLIG)))

129 FORMAT (1HK,22HTOTAL SOURCE (STGUIG) )

130 FORMAT (1HL,26HFISSION NEUTRONS (FNGIIG)))

131 FOKMAT (1HK,20HABSORPTIONS (AG(IG)})

132 FURMAT (1HK+29HHORIZONTAL LEAKAGE {HNLG(1G)))

133 FORMAT [ 1HK,27HVERTICAL LEAKAGE (VNLGLIG)})

134 FORMAT [1HK.22HNET LEAKAGE IXNLG(IG)))

135 FURMAT (1HL 442HNEUTRON BALANCE {[XNB(IG)}) (SOURCE - LOSS))

136 FORMAT (1HK.48HTOTAL FIRSY DIRECTION NEUTRON CURRENT (XJRG(IG)))

138 FORMAT (1HK,T4HANISOTROPIC NON—SELF SCATTERING SOURCE WITHOUT DIRE
1CTION COSINES [ASGUIG))

140 FORMAT { JHL +2Xe4O0HTHE FISSION RATE PER UNIT VOLUME {F(I1J)))

141 FORMAT (1HK,49HTOTAL SECOND DIRECTION NEUTRON CURRENT (XJZG(IG)))

143 FURMAT {1H1.2X,66HTHE NET FIRST DIRECTION CURRENT PER UNIT VOLUME
18Y GROUP (XJR(1J)})

144 FORMAT (1Hle2Xe6THTHE NET SECOND DIRECTION CURRENT PER UNIT VOLUME
1 BY GROUP (XJZ{ld)}))

145 FORMAT (1H1,2X,58HATHE NON-DIRECTIONAL FLUX PER UNIT VOLUME BY GROU
1P (XNLIJ)D)

146 FORMAT (1HKs2Xs3HIG=,13)

147 FORMAT (1HK,82HTHE NUMBER OF MESH INTERVALS AT WHICH A Pl SOURCE C
1ORRECT ION WAS MADE {KASORG(IG)))

148 FORMAT {(1KH1,51HNURMALIZATION FACTOR FOR Fo XNs XJR,s AND XJZ EQUALS
1,E16.8)

149 FORMAT (1HL,9THTHE MAXIMUM RATE OF CHANGE IN THE SELF-SCATTERING §
10URCE OCCURS AT THE MESH INTERVAL (MXVARI{1G))}

150 FORMAT { 1HK,25HBUCKLING LOSS (BUCLK(IG)))

151 FORMAT (1HK+24HBUCKLING LOSS (BNLG(IG)))

152 FORMAT (1HK,68HTHE MAXIMUM RATE OF CHANGE IN THE SELF-SCATTERING S
10URCE (ESIJMLIG)))

165 FORMAT (6X+2HJ=,13)

170 FORMAT (1+$, 7F10.6)

171 FOURMAT {1Hl, 14HFLUX INTEGRALS)

172 FORMAT (1HS, 14HFLUX INTEGRALS)

173 FORMAT (1HL,34HAVERAGE (D*BZS) OVER ENTIRE VOLUME)

174 FORMAT (1HL .43HAVERAGE PARALLEL (D¥BSQ) OVER ENTIRE VOLUME)
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148

175

(s XXyl (gl o)

1000

1010

1015
1020

1030

Ooon

1050

1051

1052
1053

10517
1058

105%
1054

1061
1055
1056
1060

1068

1069

FORMAT ([ 1H$,43HAVERAGE PARALLEL (D*BSQ)

THE INTEGER FUNCTIONS

OVER ENTIRE VOLUME)

INGEX{LENGTHs INDEXOs INDEXL) =LENGTH* ( INDEXO~1)+INDEXL

WRITE (6,100}
WRITE (6,120)

WRITE (6,121) ITMA, LTML o ITMIGX s ITD s TIMEZ s TIMEXEPGMyKASOR, KONV

KFINSHoXNB(NGP1)+GLAMJEIGEN
IFf (KFINSH) 1010,1015,1010
WRITE (6.122)

WRITE (60111) {KFINGUIG), [G=1+NG)

If (KASOR) 1030.103G,1020
WRITE (6,147)

WREITE (64111) (KASURGUIG), IG=1eNG)

WRITE {6,149)

WRITE (6.111) {MXVARI{IG)s IG=14NG)

WRITE (6,152)

WRITE (6,113) LESIJMIIG)s IG=1+NG)

SGINGP13=0.0

FNGSUM=(0.C

1F (KSISO) 1052,1052.1051
ASGSUM=0.0

XJRGSM=0.0

XJZGSM=0.C

DG 1056 16=1+NG

If (KSISO) 1055,1055,1U53
XJRG{UIG)I=C.C

IF (NZ-1) 105¢&,1058,1057
XJZG{1G)=L.0
IJG=INDEX(NIJsIG+0)

DO 1054 IJ=1.NI1J
[1J6=1JG#1
XJRGIIGI=XJRGIIGI+VIIJI*XIR(IJIG)
IF (NZ-1) 1054,1054,1059
XJZGCIG)=XJZGLIGI+VIIJI*¥XIZIL1JIG)
CONTINUE
ASGSUM=ASGSUM+ASG(IG)
XJRGSM=XJRGSM+XJRGI{IG)

1F INZ-1) 1055,1055,1061
XJLGSM=XIZGSM+XIZGLIG)
SGI(NGP1)=SGINGP 1) +SGLIG)
FNGSUM=FNGSUM+FNG(IG)

DO 1060 1G=1,NGP1
STGLIGI=SGLIG)+5CGLIG)

IF (LBUCK) 1070,1070,1068
BUCLKS=0.0

DO 1069 16=1+NG

BUCLK { 16 )=BUCLK({ IG )*XNGLIG)
BUCLK S=BUCLKS+BUCLK{IG)




17ce

1075

1076

1080

1085

1090

1091
1092
1093
1094
1095
1096

1097

[N aRel

1100

1101

WRITE (6+123)

ARITE (64113) {(XNG(IG)y IG=1+NGP1)

IF (KSISG) 1680,1080.1075

WRITE (6,136)

WRITE (65113) (XJRGUIG)y IG=1.NG)s» XJRGSM

IF (NZ-1} 1080,1080,1076
WRITE (6el4l)
WRITE (64113) (XJZGLIG)s IG=1.NG}, XJZGSM

WRITE (€+124)

WRITE (6,113) LFG(IG), 1G=1.NGPL)
WRITE (6,125}

WRITE {64113) {SINGUIG)s 1G=1,NGPL)
WRITE (64126)

WRITE (64113) (SDGLIG)s IG=L.NGP1)
WRITE (6,127)

WRITE (64113) {SCGULIG),y IG=1,NGPL)
WRITE (6.128)

WRITE (6+4113) (SG(IG)s IG=1sNGP1)
WRITE (6.129)

WRITE (6,113) (STGUIG)e IG=1,NGPL)
IF {KSISO) 1090,1090,1085

WRITE (6+138)

WRITE (6,113) (ASGUIG)s 1G=1sNG)+» ASGSUM

WRITE (6,130}
WRITE (6e113) (FNGLIG)s IG=1/NG)s FNGSUM

WRITE {(6,131)

WRITE (65113) (AG{IG)s IG=1sNGPL)
WRITE (64132)

WRITE (64113) (HNLGUIG)e IG=1sNGPL)
If (NZ-1) 1€92,1052,1091

WRITE (64133)

WRITE (64113) (VNLGLIG). IG=1+NGPL)
IF (NBF-1}) 1093,1093,1094

IF {NBUCK) 1065,1095,1094

WRITE (6,151)

WRITE (64113) (BNLG(IG)s IG=LsNGPL}
If (LBUCK)} 1097,10%7,1096

wRITE {6.150)

WRITE (6+113) (BUCLK(IG)}s IG=1NG)+ BUCLKS

WRITE (64134}

WRITE (6+113) IXNLGU{IG)s IG=1+NGPL)
WRITE {6+135)

WRITE (6,113) (XNBU{IG)e IG=1.NGP1)

XNMAX=0.0

D0 1105 I1JG=1.N1JG

IF (XNMAX—-XN(I1JG)) 1101.1105,1105
XNMAX=XN{1JG)
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1105 CONTINUE
IF {XNMAX) 1106,1107,1106
1106 YNORM=1.0/XNMAX
GO TO 111¢C
1107 YNORM=1.0
1110 WRITE (6,148) YNORM

[2Kal g}

1125 D0 1130 IJ4=1.N1J
1130 XNOKMU1J)=YNORM*F{1J)

WRITE (&,140)

DO 1135 J=1sN2Z

WRITE (6,165) J

KL=INDEX{NRsJs 1)

K2=INDEX{NR+J+NR)

WRITE (65113) (XNORM(IJ)s 1J=K1leK2)
1135 WRITE {64103)

[aXaXgal

1150 WRITE (64145)
1J6=0
DO 1160 I16=14NG
DU 1155 1J=L.NI1J
1JG=1JG+1
1155 XNURM{ 1J)=YNORM*XN(1JG)
WRITE (60146) 16
00 1160 J=1.NZ
WRITE (6,165) J
K1=INDEX(NRyJs 1}
K2=INDEXINR+J+NR)
WRITE (6,113) (XNORM{IJ)se IJ=K1l.K2)
1160 WRITE (6,103)

(N zNgl

IF (KSISO) 1200,1200,1165
1165 WRITE (64143)
1JG=0
00 1170 IG=1+NG
D0 1166 1J=1.N1d
1JG=1J4G+1
1166 XNORM{ 1J)=YNURM*XJIR{IJG)
WRITE (6.146) 16
00 1170 J=1.NZ
WRITE (64165} J
K1=INDEXINRy»J,+ 1)
K2=INDEX{NR+JsNR)
WRITE (6,113) (XNURM(IJ)s 1J=K1l,K2)
1170 WRITE {(64103)

(2 XgX g

1F {NZ-1) 1200.,1200.1171
1171 WRITE (&.144)
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1172

1173

[z X X 3]

1200
1205

1225
1230
1235
1240
1245
1250

1260
1270

1280

1285

1290

1300
1305

1310

(g N o]

1400
1401

1405

1410
1415

1420

1J6=0
DO 1173 1G=1.NG

|
|
DO 1172 1J=1.N1J X
1J6=14G+1
XNORM(1J)=YNORM*XJZ{1JG)
|
|
|
|
|

WRITE (6.146) 1G
DO 1173 J=1.NZ

WRITE (64165) J

K1=INDEX{NRsJ. 1)}
K2=INDEX(NR» JeNR)
WRITE (60113)
WRITE (6+103)

(XNORM{1J)y I1J=K1.K2)

IF («NIP) 1300.13C0,1205

WRITE (6,171)

WRITE {6,172}

DO 1280 N=1.NMAT

0O 127C I1G=1.NG

STGLIGI=0.0

1JG=INDEX{NIJ.IG,0)

00 126C [J=1.N1J

146=1JG+1

IF (N-TABSIMA(IJ))) 1225.1245,1225
IF (MALIJ)) 1230,1260.1260

IF (N+{MALLJ)-1)) 12€0.1235,1260
TEMP=V{ IJ)*XJR(IJG)

IF (NZ-1) 1250,1250,1240
TEMP=TEMP+VIIJ)*XJIL1JG)

GO 10 1250

TEMP=VIIJ)*XNI1JG)
STGULIG)=STGLIG)+TEMP

CONTINUE

CONT INUE

WRITE (60113) (STGLIG)» [G=1.NG}
WRITE 164170) (STG(IG)}s IG=1+NG)
CONTINUE

If (KNIP-2) 1300,1285,1300
WRITE (6,173)

DO 1290 IG=1.NG
STGUIGI=VNLGIIG)I/XNG(IG)
WRITE (64113) (STGUIG)y IG=1+NG)
IF (LBUCK) 1305,14C0,1305

WRITE (64.174)

WRITE (64175)

DO 1310 IG=1.NG
STG(UIG)=HNLGUIG)I/XNGL1G)
WRITE (6»113) {STGLIG),
WRITE (64170} (STGUIG),

1G=1+NG)
IG=1+NG)

IF (KACAV) 1405.1401,1405
IF (KGAVE) 1410.,1410,1405
KCHAIN=4

RETURN

IF (KEDIT)
KCHAIN=5
RETURN

1420,142041415

KCHAIN=1
RETURN

END
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$IBFIC TABLES OCECK

e aNaEaNaNasNaEaNaN sl o

oo

SUBROUTINE TABLES (MA,Cs CN2N, XNoXJR ¢ XJZ, Ve
1 NMRA,NMZA, IDM, IDMAP, IDGP)

SUBROUTINE TABLES IS THE OVERLAY {OR CHAIN) SUBROUTINE OF TDSN
THAT COMPUTES AND PRINTS QUT THE ACTIVITY AND AVERAGING TABLES.

THE COMMON STATEMENTS

COMMON JCALLY/ KCHAIN, KEND KEFN
CCMMON JCALL2/ KBCRED »
1 KREG» KALC, KGEO, KBBC, KTBC, KLBC,
2 KRBC,» NSN, NG » NZ,
3 NR o NTYPS, NMAT, LBUCK, KCTYP,
4 KSI1S0, KGST, KCTR, KCGG o KDREAD KFLUXT,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALC1, NFN, N2N. I TMPRT,
7 KBCDuUP, KACAV, KGAVE » KNIP, KEOIT,
8 GLAM, EIGEN, EPS, XNF,
9 RYF TIMAX, CALCl, OMEGA OMEGAP
COMMON JCALL 3/
1 HZ. HY BF,
2 KCA, KCF,
3 KONV, KFINSH, KASOR, KUPS,
4 NBF o ND» NGP1, NZPL., NRP1l,
5 NIJeo NTYNG, NDNZ, NONR NDNIJ, NDNZNG,
6 NXNZS, NAR, NC NIJG, NBUCK
7 1TMA, ITMI, ITMIST, ITMIGX, ITD,
8 NEGSOR, LISAV,
9 TIMEX, TIMEZ, SDGFG1, SCALUP
COMMON /CALL4/ EPG EPGX, EPGM, EPGMP,
1 OMEGAS, UMEGPS,
2 EXTRAL, EXTRA2, EXTRA3, EXTRA4G, EXTRAS,
3 KXTRA L, KXTRAZ, KXTRA3, KXTRA4 , KXTRAS
COMMOUN JCTABLE/ KTABLE, NACAVT, NTYBAR, KGGBAR
COMMON /CSUM/ KSUM, NACAV1, NACAV2, NZM1,
1 NIYGLl, IG
COMMON /CAVER/ 1D, KF o KC NACAV
THE DIMENSIUN STATEMENTS
DIMENSION MA(Ll), c(l)
CIMENSION CN2N(1)
DIMENSION XN{Ll), XJR{1), XJz(1)
DIMENSION vil)
DIMENSION NMRA{ 1), NMZA(1), ioM(1) .,
1 IDMAPL L), IDGP(1L)

DIMENSION XTAB (5000}

THE FORMAT STATEMENTS
104 FORMAT (1HL »2lHPROGRAM STOP AT KEFN=,18)
110 FORMAT (7110)




120 FORMAT {(1HL,36HTABLES ARRAY SIZE EXCEEDED.

160
l61

[z el 2]

1000
1001
1005

1010

1015
1020

1025

1030

1035

104C

1045
1050

1075

[aNaNaNaKal

1100
1105
111¢
1115

1120
1125

C
1130

1135

1000 STORAGES AVAILABLE.)
FORMAT [1H1,16HACTIVITY TABLES }
FORMAT (1K1, 17THAVERAGING TABLES )

NZM1=NZ-1

NTYGI=NTYPS*NGP 1

IF (KACAV) 1005,1001.1005

IF (KGAVE) 2060,20€0,1005
KUP=KCGG—(KCTR+1}
KDOWN=NTYPS-KCGG

IF I{KGAVE) 1100,1100,1010

READ (5,110) (IDGP(IG)e IG=1,NG)
KDBAR=KGAVE-1

IF {KDOWN-KDBAR) 1015,1020.1020
KDBAR=KDOWN
NTYBAR={KCTR+1)}+KDBAR

KUPBAR=0

IF (KUP} 1075,1G75,1025
LBAR=NGP 1-KUP

16G8=1

16=1

IF (LBAR-1G) 1035,1035,1040
KUPBAR={KGAVE+L)-1IGB

GU TO 1075

16=1G+1

IF (NG-1G) 1075,1045+1045

IF (IDGP(IG)-16GB) 1040,1040,1050
IGB=1GB+}

GO TO 1030

NTYBAR=NTYBAR+KUPBAR
KGGBAR={KCTR+1)+KUPBAR

COMPUTE THE ACTIVITY TABLES.

IF (KACAV) 1120,1502,1105
IF {KACAV-2) 1110,1501,1110
WRITE (€+4160)

DO 1115 14=1,NI1J
ICMAPLIJYI=MA(TJ)

NACAV=NMAT

GO TD 1130

IF {(KACAV+2) 1125,1501,1125
WRITE (6,160)

CALL IDALAV (NR,NZ,NACAV,NZONRA,NZONZA,
1 oMAP( 1))

NACAVi=NACAV+]
NACAVT=NACAV1

IF {KSISO) 1150.1150,1135
NACAVZ2=NACAV+2
NACAVT=NACAV?2

LASTAB=,18.,31H WITH 5

NMRA(1) ,NMZA(L),IDM(1},
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154

c

[zEaNsNaXg!

C

c

1150 LKSI=1

1155

1200

1500
1501
1502

1503
1505
150¢
1510
1515

1520

1

2

1

LVSUM=LKSI+NACAVT
LEX=LVSUM+NACAVT
LCX=LFX+NACAVT®NGP 1
LCOUT=LCX+NACAVTI*NGP L1*NTYPS
LDISAD=LCOUT+1
LEXBAR=LCISAD+NG
LCXBAR=LFXBAR+1
LCUOBAR=LCXBAR+1
LASTAG=LCCBAR

IF (LASTAB-5000) 1200120041155
WRITE (6,120) LASTAB

KEND=1

KEFN=1155

Gy TO 205¢C

KTABLE=1

CALL TABLE (MA,C,CN2Ns XNsXJRoXJZy V., IDMAP,IDGP,
XTAB(LKSI) 4 XTAB(LVSUM), XTABILFX) XTAB(LCX) ¢ XTAB{LCOUT),
XTAB(LDISAD)s XTAB(LFXBAR) ,XTAB{LCXBAR},XTAB(LCOBAR} )

IF (KEND) 1500,1500, 2050

COMPUTE ThE AVERAGING TABLES.

If (KREG) 1501+15C1»2000

IF (1ABS(KACAV)-1) 1503,1503,1502

WRITE (65161)

GO TO 1505

IF (KGAVE) ¢000,2000,1505

{F (KACAV-2} 1506,1510.1510

If (IABS{KACAV)-1) 1510,1510,1520

DO 1515 lJd=1lyNIJ

IOMAPT 1J=MALTJ)

NACAV=NMAT

GO TO 1530

CALL 1DACAV (NRoNZ+NACAV.NZONRANZONZA, NMRA(L1) +NMZA(1),1DMLL),
[OMAP{ 1))

1530 NACAVI=NACAV+]

1535

1550

NACAVT=NACAVL
IF (KSISU) 1550,155041535
NACAV2=NACAV+2
NACAVT=NACAV2

LKSI=1

LVSUM=LKSI+NACAVT
LFEX=LVSUM+1
LCX=LFX+NACAVT*NGP 1
LCOUT=LCX+NACAVTENGP LENTYPS
LOISAD=LCUUT+NACAVT®NGPL
LFXBAR=LLUISAD+1
LCXBAR=LFXBAR+NTYBAR*KGAVE
LCOBAR=LCXBAR+NTYBAR¥KGAVE




LASTAB=t CCBAR+KGAVE-1
| If (LASTAB—-5000) 160016001555
i 1555 WRITE (6,120) LASTAB
: KEND=1

KEFN=1555

GO TO 2050

1600 KTABLE=2
1 CALL TABLE (MA+C+CN2Ns XNeXJRXJZs Vs IDMAP,IDGP,
1  XTAB(LKSI)eXTAB(LVSUM)s XTABILFX)+XTABILCX),XTABILCOUT),
2  XTAB(LDISAD)s XTABILFXBAR) ¢ XTAB{LCXBAR) ,XTAB{LCOBAR) )
IF (KEND) 200042000, 2050

[aNaX2)

2000 KCHAIN=5
RETURN
° [
2050 KCHAIN=1
1 WRITE {64104) KEFN
RETUKN

END
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$IBFTC 10ACAV CECK

OO0 OO0

[N ol

110
115
116
120

2Xal o]

1000

1008

1010

1025

1030

1035

1036
1037

1040
1041

SUBROUTINE IDACAV [NR.NZ+NACAVNZONRA NZONZA, NMRA,NMZ A, 1 DM,
IDMAP)

SUBRDUTINE I[DACAV UBTAINS THE IDENIFICATION NUMBER MAP TO USE FOR
ACTIVITY TABLES AND AVERAGING TABLES.

THE DIMENSION STATEMENTS
DIMENSIOUN NMRA(1), NMZA(1), [DM{1)
CIMENSION ILMAPL])

THE FURMAT STATEMENTS

FORMAT (7110)

FORMAT (1415}

FUORMAT (4313)

FORMAT ([ 1HK,15HMAP FOR TABLES )

THE INTEGER FUNCTIONS
INDEX{LENGTH, INDEXO+ INDEXL)=LENGTH®{INDEXO-1)+INDEXL

REAC (5,11C) NZONRA,NZONZA

READ (54110) (NMRA(I), I=1,NZONRA)
IF (NZONZA) 1005,1005,1010
NZONZA=1

NMZA(1}=1

GO T0 1025

READ (5¢110) (NMZA(J)s J=1,NZONZA)

K=0

J=0

NACAV=0

DO 105C JJ=1eNZUNZA

READ {5,115) (IDMUII)s 11=1+NZUNRA)}
K=K+NMZA{JJ)

J=J+1

1=0

DO 1045 1I=1+NZONRA

L=NMRA{I1)

DO 1035 Kk=1sL

{=i+1

FJ=INDEX{NR+J, 1)

IOMAP(1J)=1DM{11)

IF (1DM{II)) 103641040,1040

iF (NACAV+(IDMUII)-12) 1037,1045,1045
NACAV=—1DOM{1I)+1

GO TO 1045

IF INACAV-IDM(II)) 1041,1045»1045
NACAV=IDOML L)




[aNaN gl

1045

1050

1075

1080

1100

CONTINUE
IF (J—K) 1630.105C.1050
CONTINUE

WRITE (6,120)

DO 1080 J=1.NZ
I11=INDEXINRJs 1}
INR=INDEX{NRe JeNR)

WRITE (64116} (IDMAP(1J),

RETURN

END

1J=11,INR)
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$IBFTC TABLE LECK
SUBROUTINE TABLE (MA,C, CN2N, XN o XJR ¢ XJZ» Ve

OO0 O

[aN o

C
C

1 IDMAP,1DGP, KSI+VSUM,

2 FXBAR.CXBAR.CUBAR )

THE COMMON STATEMENTS

COMMON /CALLY/ KCHAIN, KEND,
COMMON /CALL2/ KBCRED»
1 KREG, KALC, KGEO KB8BC»
2 KRBC, NSN,
3 NR, NTYPS, NMAT , LBUCK,
4 KS1SO. KGST, KCTR, KCGGy
5 1TMIMX, ITMIGM,
6 KACCEL» KALC 1, NFN N2N»
7 KBCDUP, KACAV, KGAVE » KNIP,
8 GLAM, EIGEN,
9 RYFa TIMAX, CALCl,
COMMON /CALL3/
1 HZ, HY,
2
3 KONV, KFINSH, KASOR, KUPS,
4 NBF, ND., NGP1 . NZP1,
5 NI{Jo NTYNG., NDNZ, NDNR »
[ NXNZS, NAR, NC ., NIJG,
7 ITMA, ITMI ITMIST, ITMIGX
8 NEGSOR
9 TIMEX, TIMEZ,
COMMON /CALL4/ EPG. EPGX.,
1 OMEGAS., OMEGPS,
2 EXTRAL, EXTRAZ, EXTRA3,
3 KXTRAL, KXTRAZ2 KXTRA3,
C CMMON /CTABLE/ KTABLE., NACAVT,
COMMON /CSUM/ KSUM, NACAV1,
1 NTYGLl, 16
COMMON /CAVER/ 10, KF»
THE DIMENSION STATEMENTS
DIMENS ION MA(Ll), cil)
DIMENSION CNZN(1)
DIMENS ION XN(1), XJR{1),
DIMENSION vil)
DIMENS ION 1DMAP(]), 106P(1)
DIMENSION KSI(1), VSUM(1)
DIMENSION FX{1l), CX{1l),
DIMENS ION D1SADL1)
DIMENSIUON FXEAR{1), CXBAR(1)»

" THE FURMAT STATEMENTS
104 FORMAT (1HL,21HPROGRAM STOP AT KEFN=,18)
111 FORMAT (7116)

FXsCXsCOUT, DISAD,

KEFN
KT8C» KLBC,
NG, NZ,

KCTYP,
KDREAD, KFLUXT,
NZONER, NZONEZ ,

I TMPRT,
KELiT,
EPS, XNF 4
OMEGA, OMEGAP
BF »
KCAy KCF,
NRPLl,y
NDNIJ ., NDNZNG,
NBUCK »
ITD,
LZSAV,
SDGFG1, SCALUP
EPGM, EPGMP,

EXTRA4, EXTRAS,
KXTRA%4, KXTRAS
NTYBAR, KGGBAR
NACAV2, NZM1,

KC NACAV

XJzZ{1)

CouT{1)

COBAR({1)



113
162
163
164
165
166
167
168
169
170
171
172
173
174

[aN g

1000

[aEaNeNalal [aNgNal

115C

1155
1160

1165

1170

1175

1200

1225

1250
C
C

FORMAT (7E1¢€.8)

FORMAT (1+$,1THAVERAGING TABLES )
FORMAT ( 1H1,20HCISADVANTAGE FACTORS
FORMAT {1HL)

)

FORMAT ( 1HL »32HZONE IDENTIFICATICN NUMBER (ID}=,13)
FORMAT { 1H1,30HGROUP COLLAPSED CROSS SECTIONS)

FORMAT {1lkie. 33Hl.D. NUMBERS FOR COLLAPSED GROUPS )
FORMAT (1hH$,30HGROUP COLLAPSED CROSS SECTIONS)

FORMAT (1h$+7F10.6)
FORMAT (1¢ )

FORMAT (1HL.2BHTOTAL OF P{0O) AND P(T) ZONES}

FORMAT [ 1HL.19HTOTAL OF P(1l) ZONES)
FORMAT (12 GROUP TOTAL)

FORMAT (1HL,128HN TO 2N REACTIONS ARE NOT ACCOUNTED FOR IN THE WIT
1HIN GROUP SCATTERING CROSS SECTION WHICH HAS BEEN COMPUTED BY NEUT
2RON BALANCE +/5X,92HFROM SCATTERING THAT CONTAINS THE EXTRA NEUTRO

3NS AND THE TUTAL COLLISION LOSS WHICH DOES NOT)

THE INTEGER FUNCTIONS

INDEX({LENGT He INDEXO s INDE XL ) =LENGTH*(INDEXO—1) + INDEXL

GO TO (1150,1550), KTABLE

COMPUTE THE ACTIVITY TABLES.

KF=0

KC=0

DO 1165 ID=1,NACAVT

DO 1160 IG=1«NGP1

KF=KF+1

DO 1155 N=1.NTYPS

KC=KC+1

CX{(KC)=0.0

FX{KF)=0.C

KSIUID)=0

VSUM{1D)=0.0

DO 1170 IJ=1.NI1J
VSUMINACAVL)=VSUM{NACAV1}+V(1J)
IF (KSISO) 1200,1200,1175
VSUMINACAVZ2)=VSUMI{NACAV])
KSI{NACAVZ2i)=1

DO 125G [G=1,NG

KSUM=1

CALL SUM (MA,C, CN2N+ XNo¢XJReXJZy Vo
1 FX.CX.COUT )}

IF (KEND) 1250.1250+2050

CONTINUE

IDMAP,

KSI+VSUM,

159



1300 KF=0
KC=0
DO 1335 I1D=1,NACAVT
IF (ID-NACAV1) 1305,1310,1315
1305 WRITE (6.165) 1D
GO TO 1325
1310 WRITE {6,+171)
GO TO 1325
1315 WRITE (6.172)

1325 DO 133C IG=1.NGP1
IF (IG-NGPL) 1327,1326,1326
1326 WRITE (64173)
1327 KF=KF+1
K1=KC+1
K2=KC+NTYPS
WRITE (6,113) (CX(K)y K=K14K2) s FX{KF)

WRITE (641170)
1330 KC=K2
1335 CONTINUE

COMPUTE THE DISADVANTAGE FACTORS,

[a X aNal

1400 WRITE (6,163)
KF=0
DO 1475 ID=1,NACAV
WRITE (64165) 10D
IF (KSI(ID)) 1405,14C5,1410
1405 KFI=INDEX{NGP1+NACAV1,0)
GO T0 1425
1410 KF1=INDEXINGP1,NACAV2,0)
1425 DO 1450 iG=1,NG
KFLl=KFl+1
KF=KF+1
DISAO({IGI=FX(KF)/VSUM{]D)
IF (KSI(1ID)) 1430,1430,1435
1430 DISADCIG)=DISADI{IG)/(FX{KF1)}/VSUM{NACAV1})
GO TU 1450
1435 DISAULIG)=CISADIIGI/{FX{KF1)/VSUM{NACAV2))
1450 CONTINUE
KF=KF+1

WRITE (64113) (DISAD(IG)s IG=14+NG)
1475 WRITE {64,170)

C
RETURN
C
C
C COMPUTE THE AVERAGING TABLES.
C
C
1550 KF=0

KC=0
DO 1565 ID=1sNACAVT
U0 1560 IG=1,NGP1

160




KF=KF+1]
DO 1555 N=1.NTYPS
KC=KC+1
1555 CX{KC)=0.C
COUTIKF)=C.C
1560 FX{KF)=0.0
1 1965 KSI{ID)=0
‘ IF (KSISO) 1600,1600,1570
1570 KSI(NACAVZ)=1
c
ps )
1600 DO 1650 I6=1,NG
C
1625 KSUM=2
CALL SUM [MA.Cs CN2Ns XN¢XJR,XJZe V, IDMAP, KSI,VSUM,
1 FX,CX,COUT )
IF (KEND) 1650, 1650, 2G50
1650 CONTINUE
3 C
? c
1700 KC=0
DO 1750 ID=1.NACAVT
IF {IABS{KACAV)—1) 1740,1740.,1705
1705 IF (ID-NACAVL) 1710.1715,1720
! 1710 WRITE (6,165) 1D
IF (KACAV) 1730,1740,1740
1715 WRITE (64171)
GO 10 1730
1720 WRITE 16,172}
1730 WRITE (6+162)
'
1740 CALL AVERAG { KSI, FX.CX,COUT )
1750 CONTINUE

COMPUTE THE CULLAPSED GROUF CROSS SECTIONS.

[sEul gl

1800 IF {KGAVE} 20C0,2000.,1805
1805 WRITE (6,166}
WRITE (6+4168)
WRITE (60167)
WRITE (6,111) (IDGP{IG}s IG=1,NG)
IF INZN) 16C7.,18C741806
1806 WRITE (64174}
1807 KF=0
KC=0
DO 1875 ID=1,NACAVT
iF (ID-NACAV]) 1810,1815,1820
1810 WRITE (6,165) ID
GO TO 1825
1815 WRITE (6,171)
GO TO 1825
1820 WRITE (6,172)
c
1825 CALL COLAPS { KGAVENTYBAR :KGGBAR, IDGPs KSI+» FXeCXy
i FXBAR, CXBAR+COBAR }
1850 DO 168660 IG=1.KGAVE

161



162

[a}

o6 66O

1860

1875

2000

2050

K1=INDEX{NTYBAR.IG»1)
K2=INDEX{NTYBAR .+ 1GsNTYBAR)

WRITE (65113) (CXBAR(K), K=K1l,K2),+ FXBAR(KIL)
WRITE (6,17C)

WRITE (6,16G6) {CXBAR(K) ¢ K=Kl sK2)

CONTINUE

RETURN

WRITE (641C4) KEFN
KEFN=2050
RETURN

END




$1eFTC SUM DECK

SUBRUUT INE SUM (M4sCe  CNZN, XNeXJReXJZy Vo TOMAP,
1 FXeCXe COLT }
C
C
[
C
[
c
C
C THE COMMON STATEMENTS
CUMMON /CaLtl/ KCHAIN, KEND » KEFN
COMMON /CaLL2/ KBCRED,
1 KKEG KALC» KGEQ KBBL » KTBC,
2 KKBC» NSNe NG »
3 NKe NTYPS, NMAT . LBUCK,
4 KS IS0, KGST, KLCTR KCGG o KDREAD,
5 ITMIMX, 1TMIGM, NZONER,
6 KACCEL » KALC 1, NFN o NZN+
T KBLOUP» KACAV., KGAVE KNIP KEDIT,
8 GLAM, ELTGEN, EPS,
9 KYFo TIMAXe. CALC1., OMEGA,
CLMMUN /CaLL 3/
1 Hle HY s B8F .
2 KCA,
3 AUNV., KF INSH . KASUR, KUPS,
4 NOFe ND NGP 1Ly NZPLl, NRPL,
5 NIJs NTYNG« NONZ, NDNR. NDONIJ .
6 NXNZLSe NAR, NC o N1JGy N3UCK -+
7 1TMA. ITMI ITMIST, ITMIGK 11D,
8 NEGSOR» LISAV,
Y TIMEX. TIMEZ, SDGFGL s
COMMUN /C SUM/ KSUM, NACAV] NACAVZ2,
i NTYGL. 16
C
C THE DIMENSIUN STATEMENTS
ODIMENSION MA(L), ct1}
DIMENSION Ch2NnLL)
CIMENS 1ON XN(L)e XJIRlL) o XJZ{1})
DIMERNSION vil)
DIMENSIUN 1DMAPL L)
DIMENS 1UN KSI(L1), VSUNLL)
DIMENS IUN Fxil), CX{l)» Coutil)
C
C THE FURMAT STATEMENTS
104 FOKMAT ( 1kL +21HPRUGRAM STOP AT KEFN=,18)
c
C THE INTEGLK FUNCTIONS
lNUEx(LtNGTH.INUEXD.INDEXL)=LENuTH*(INOﬁXU—l)+INDEXL
C
C
C

100C IJG=INDEX{NIJsIGs0)
DO 1200 IJ=1eNIJ
1JG=1JG+1
[0=1ABSU1DMAP(1J))

KSI,

KL8C,
NZs
KCTYP,
KFLUX I«
NZONEZ.
I TMPRT,

XNF o
OMEGAP

KCF,

NDNZNG,

SCALUP
NZIM1,

VSUM,
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1005

1010

1015
1020

1025
1030

1035
1040
1045

1050

1055

1060
1065

1075

1C76
1080

1085

1090
1100

ICA=ID

K=IABS{MA{1J))

KA=K

TEMPL=V(IJ)I*XNI1JG)
KF=INDEX{NGPL1,1ID,1G)

GO TO (101041005} KSUM
KOUT=INDEXING+sKsIG)
TEMP=CNZ2N{KOUT ) *TEMP1
COUT{KF)=COUTLKF)+TEMP
FXIKF)=FX{KF)+TEMP]
KF=INDEX(NGP1,NACAVL,1G)
60 TO (1020,1015)s KSUM
COUTIKF)=COUT(KF)+TEMP
FXIKF)Y=FXIKF)+TEMP1
KF=INDEX(NGP 1, IDsNGP1)

GO TO (1030,1025), KSUM
COUTIKF)=COUTI{KF) +TEMP
FX{KF)=FX(KF)}+TEMP1
KF=INDEX{NGPLsNACAV1,NGP1)
GO 10 (1040,1035), KSUM
COUTIKF}=COUT(KF)+TEMP
FX{KF)Y=FXIKF)+TEMP]

IF (IDMAP{IJ)) 1C45,1075.,1075
IDA=IDA+]

If (MA(1J)) 1055,1050,1C50
KEND=1

KEFN=1050

GO TO 12175

KA=KA+1

TEMP2=V{IJI*ABS (XJRIIJG)H)
IF INZMLl) 1065,1065.,1060
TEMP2=TEMP2+VIIJ)®ABSIXJZ(1JG))
KF=INDEX{NGPLl,IDA,IG)
FX{KF)=FXIKF)}+TEMP2
KF=INDEX{NGPLl,NACAV2,1G)
FXIKF)=FX(KF) +TEMP2
KF=INDEX(NGP1,IDA¢NGP1)
FX{KF)=FX{KFI+TEMP2
KF=INDEX{NGP1,NACAV2,NGP1}
FXIKF)=FXIKF}+TEMP2

DO 1125 N=1.NTYPS

IF (KREG) 1G7651076,1080
If (N-KCTR) 1080,1080,1085
IGN=16

GO TO 1100

IGN=1G-KCGG+*N

If [IGN} 1125.1125,1090

IF (IGN—-NG) 110GC,1100,1125
K1=INDEX{NTYPS,IGN,N)
K2=INDEXINTYNGos Ko K1)
KC=INDEX(NTYGLeID K1)
KCS=INDEX{NTYG1,NACAVL,K1)
TEMP=C{K2)*TEMP1
CXIKC)=CX(KCI+TEMP
CX{KCS)=CX{KCS)+TEMP




L1101
1102
i103
1105

1110
1115

ille
1117
1118
1120

1125
1150
1155
1160
1165

1170
1175

1200

1250

o 00 O

1275

IF {KREG) 1101,1101,1102
IfF (IG~IGN) 111Ce1105,1110
IF (N-KCTR) 1105,1105+.1103
IF (N-KCGG) 111C,1105,1110
KY=INDEX(NTYPS+NGP14+N)
KC=INDEXINTYG1l+1D+KT)
KCS=INDEXINTYGLsNACAVL,KT)
CXIKCI=CX{KC)+TEMP
CX{KCS)I=CX{KCS)+TEMP

IF (ID-IDA) 1115,1125,1125
K2=INDEXINTYNG+«KAWK1)
KC=INDEXINTYG1l,IDA.K1)
KCS=INDEXINTYG1.NACAV2.K1}
TEMP=C{K2)*TEMP2
CXLKCI=CX{KC)+TEMP
CX{KCS}=CX{KCS)+TEMP

iIF {KREG) 111641116,1117
IF (IG-IGN) 1125,1120.1125
IF (N-KCTR) 1120,1120,1118
1If (N—KCGG) 1125,1120,1125
KC=INDEXINTYG1l, IDASKT)
KCS=INDEXINTYG]1l .NACAVZ2,KT)
CXIKCI=CX(KCI+TEMP
CX{KCSI=CX{KCS)+TEMP
CONTINUE

IF {16—-1) 1155.,115541200
1If (ID-IDA) 1165¢1160+1160
GO TO (1175.,120C)s KSUM
KSI(IDA}=1

60 TO (117C,120G), KSUM
VSUM{ IDA)=VSUM{ IDA)+VIIJ)
VSUM( ID)=VSUMLID)+VI1J)

CONTINUE

RETURN

WRITE (64+104) KEFN
RETURN

END
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$IBFT

OoOOMOaO00

113
169
170
173
174
175

(2N aN2 (aN 2l

1000

C AVERAG OECK

SUBROUTINE AVERAG [ KSI

THE CUMMUN STATEMENTS

COMMON /CALLL/
COMMUON /CALL2/
1 KREG, KALC,
2 KRBC o
3 NR » NTYP S»
4 KSIS0. KGST,
5
6 KACCEL KALC 1,
7 KBCDUP , KACAV,
8
9 RYF e TIMAX,
CCMMON /CALL3/
1
2
3 KONV, KF INSH,
4 NBF ND »
5 NIJ, NTYNG,
[ NXNZS NAR,
1 1TMA, ITMI,
8
9 TIMEX. TIMEZ,
COMMON /CAVER/

THE DIMENSION STATEMENTS

DIMENS ION KSI{1)
DIMENS ION FX{1),

THE FUORMAT STATEMENTS
FORMAT (7E16.8)
FORMAT (1H$,7F10.6)
FORMAT (1H )

FXsCXsCOUT )}

KCHAIN, KEND,
KBCRED
KGEO » KBBC,
NSN,
NMAT, LBUCK,
KCTR, KCGG»
ITMIMX, ITMIGM,
NFNy N2N,
KGAVE KNIP,
GLAM, EIGEN,
CALCL,
HZ» HY
KASOR, KUPS,
NGP L. NZP1l,
NDNZ NONR o
NC» N1JGo
ITMIST, ITMIGX,
NEGSOR,
1D, KF »
CX{1),

FORMAT [ 1HJ,22HCOLLAPSED TO ONE GROUP)
FORMAT (24H OUT SCATTERING BY GROUP)
FORMAT (1h$,24H OUT SCATTERING BY GROUP)

THE INTEGER FUNCTIONS

INDEXULENGTHy INDEXOs INDEXL ) =LENGTH®* (INDE XO~1)+INDEXL

DD 1125 IG=1.NG
Kl=KC+1
K2=KC+NTYPS

DO 1100 N=1,NTYPS
KC=KC+1

IF {(N—-KCTR) 1005,1005,1010

KEFN

KTBC,
NG »

KDREAD .,
NZONER,

KEDIT,
EPS,
OMEGA .

BF»
KCA,

NRP1l,
NONIJ,
NBUCK o
17D,
LISAV,
SDGFG1,
KC,

couTil)

KLBC,
NZ+
KCTYP,
KFLUX Iy
NZONEZ,
I TMPRT,

XNF »
OMEGAP

KCF o

NONZNG»

SCALUP
NACAV




1005
1010

1015
1025

1030

1035
1040
1056
1075
1100

1105

1110
1115
1125

1150

1155

1160

1165

117C
1175
1180

1185

1190
1195

1200

(e B s N a N el

1GN=I6

GD TO 1025

IGN=1 G+KCGG—N

IF {IGN) 110C+11C0.,1015

IFf (IGN-NG) 1025,1025,1100
KF=INOEX{NGP1.+ID, IGN)

1F (N—-KCTR) 1050,1030,1035
KC1=KC

KF1=KF
COUTI(KF)=COUTIKF)}/FX{KF)

GO TO 105¢C

iF (KSILID)) 1040,1040,1050
IF (N-KCGC) 1050,1075,1050
CXIKC)=CX{KC) /FX{KF)

GO TO 1100
CX(KC)=CX{KC1)-CX{KC1-2}-COUT(KF)
CONT INUE

IF (1ABS{KACAV)—1) 1125.1125.1105
WRITE 164113) (CXIK)e K=K1,K2)s» FXIKFL1)

WRITE (6.17C)

IF (1D-NACAV) 1110+,1110,1115
IF (KACAV) 1115,1125,1125
WRITE (6+169) (CX{K)s K=K1,K2)
CONTINUE

KF=INDEX{NGPl,IDsNGP1)

K1=KC+1

K2=KC+NTYPS

DO 1155 N=1+KCTR

KC=KC+1

CXUKC)I=CXIKC) /FXUKF)

KC1=KC

ITEMP=KCTR+1

DO 1160 N=ITEMP,KCGG

KC=KC+1

IF (KSI1(ID}) 1170,1170,1165
CX(KC)=CX{KC)/FXIKF}

GO TO 1175
CX(KCI=CX{KCL}-CXIKC1-2)

IFf (IABS{KACAV)-1) 1185,1185,1180
WRITE (6,173)

WRITE (€4113) (CX{K)y K=KLsK2) s FXIKF)

WRITE (€0170)
KC=K¢

WRITE l6.174)

KF1=INDEX{NGP1l+ID,1)
KF2=INDEX{NGPLl,+ID«NG)

WRITE (64113)}(COUT(KF)s KF=KFl+KF2)
IF (ID-NACAV) 11S0,1190,1195

IF (KACAV) 1195,1200,1200

WRITE (64175)

WRITE {6,169} (COUTIKF), KF=KF1l,KF2)

RETURN

END
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IBFTC COLAPS LECK

SUBROUTINE COLAPS { KOLAPS,NTYLAP,KGGLAP, KIGy KSI,

1 FS+CSo FOLAP ,COLAP,QUTLAP )

SUBROUTINE COLAPS IS TO GIVE COLLAPSED GROUP CROSS SECTIONS.
{THIS VERSION MUST BE CALLED BY TABLES.)

THE COMMON STATEMENTS

COMMON /CALLY/ KCHAIN. KEND, KEFN

COMMON JCALL2/ KBCRED +

1 KREG, KALC, KGEOG, KBBC, KTBC, KLBC,

2 KRBC, NSN, NG o NZy

3 NR s NTYPS, NMAT, LBUCK, KCTYP,

4 KSISO, KGST, KCTR, KCGG, KDREAD, KFLUXT,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,

6 KACCEL s KALC1, NFN ¢ NZN, ITMPRT,

7 KBCOUP, KACAVv, KGAVE, KNIP, KEDIT,

8 GLAM, EIGEN, EPS, XNF

9 RYF, TIMAX, CALCL. OMEGA, OMEGAP
CCOMMON /CALL3/

1 HZ, HY» BF,

2 KC A, KCF,

3 KONV, KFINSH, KASOR, KUPS .,

4 NBF. ND, NGP1, NZP1, NRP1,

5 NIJ, NTYNG, NDNZ, NDNR » NDNIJ, NDNZNG»

6 NXNZS, NAR, NC o NIJG, NBUCK o

1 ITMA, ITMI, LTMIST, ITMIGX, ITD,

8 NEGSOR, LZSAV,

9 TIMEX. TIMEZ, SDGFG1, SCALUP
COMMUN /CAVER/ 10, KF o KC NACAV
THE OIMENSION STATEMENTIS
DIMENSICN KIG(1)

DIMENSION KSI{1)

DIMENSIGUN FS{l1). cs(l)

DIMENS IUN FOLAP(1), COLAP(1), QUTLAPI L)

THE INTEGER FUNCTIONS

INDEX{LENGTHy INDEXO,INDEXL)=LENGTH*{ INDEXO-1)+INDEXL
100C K=0

DO 1010 1G=1+KOLAPS
CO 1005 N=1+NTYLAP
K=K+1
COLAP{K)=0.0

1005 FOLAP(K)=C.C

1010 OUTLAP(IG)=0.0




o 600

1025

1030

1035
1040
1045
1046
105¢

1055
1060

1100

1105
1110

1115

1150

1155
1160
1165
1170
1175
1180

1185

1190

1200

DO 106C IG=1sNG

KF=KF+1

IGK=KIG{IG)
K=INDEX{NTYLAP,IGK,0)}

DO 1055 N=1,NTYPS

KC=KC+1

IF (N-KCTKk) 103G.,1030.,1035
K=K+1
FOLAP(K)=FOLAPIK)+FS{KF}
L=KF

GO 10 1050

IGN=1G#KCGG—N

IF (IGN} 1055.,1G655,1040

IF {IGN-NG) 1045,1045,1055
IGNLAP=K]IGI{ IGN}

NLAP=IGK—- IGNLAP+KGGL AP

{F (NLAP-KCTR) 1055,1055,1046
K=INDEX{NTYLAP, IGKs NLAP)
L=INDEXINGP1,ID,IiGN)
COLAP(KI=COLAPIK)+CS{KC)*FSIL)
CONTINUE

CONTINUE

KF=KF+1

KC=KC+NTYPS

KCTR1=KLTR+1

DO 1115 IG=1.KOLAPS

DO 1115 N=KCTR1.NTYLAP
1GN=1G¢KGGLAP~N

IF (IGN) 1115.1115.,1105

IF {IGN—KULAPS) 1110,1110,1115
K=INDEX{NTYLAP, iIGsN)
L=INDEX{NTYLAP+ IGNyKCTR}
FOLAP{K)=FOLAP{K}+FOLAPI{L)
CONTINUE

DO 118G IG=1.KOLAPS

DO 1180 N=1.NTYLAP

IF (N—KCTR) 1155,1155,1160
IGN=16G

GO TO 1170

IGN=IG—N+KGGLAP

IF (IGN) 114C,1180,1165

If (1GN—KULAPS) 1170,1170,1180
K=INDEXINTYLAP, IGsN}
COLAP(K)=COLAPIK)I/FOLAP(K)

IF {IGN—IG) 1175,1180,1175
OUTLAP{IGN)=0UTLAPLIGN}+COLAP (K]
CONTINUE

iF (KSIUID)) 1185,1185,1200

DO 119C I1G=1,KOLAPS
L=INDEX{NTYLAP+1G<KCTR)
K=INDEX(NTYYLAP,IG+KGGLAP)
COLAP(K)=COLAP(L)-COLAP({L-2)-0UTLAP(IG)

RETURN

END
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SUBROUTINE EDIT (MA,CeXN,V)

SUBROUTINE EOIT COMPUTES ACTIVITIES, FLUX INTEGRALS, AND AVERAGE
ACTIVITIES FUR A SPECIFIED CROSS SECTION DVER GIVEN SETS OF

GROUPS ANLD REACTOR REGIONS.

THE COMMUN STATEMENTS

COMMON /CALLL/ KCHAIN, KEND,
COMMON /CALL2/ KBCRED»

1 KREG. KALC., KGEU» KBBC,

2 KRBC, NSN,

3 NR» NTYPS, NMAT, LBUCK,
4 KSI1S0. KGST, KCTR, KCGG

5 ITMIMX, 1 TMIGM,
] KACCEL » KALC 1. NFN, N2ZN,

7 KBCDUP» KACAV, KGAVE » KNIP,

8 GLAM, EIGEN,
9 RYF, TIMAX, CALCL .,

COMMON /CALL3/

1 HZ, HY,

2

3 KONV, KF INSH, KASOR» KUPS,

4 NBF, ND» NGP1, NZPl,

5 NILJ, NTYNG» NONZ. NONR,
-3 NXNZS, NAR, NC o N1JG,

7 ITMA, I1TMI, ITMIST, 1TMIGX,
8 NEGSOR.,

9 TIMEX, TIMELZ,

COMMON /CALLS4/ EPG. EPGX,

1 OMEGAS, OMEGPS,
2 EXTRAL, EXTRAZ, EXTRA3,
3 KXTRAL, KXTRAZ, KXTRA3,
THE DIMENSION STATEMENTS

DIMENSION MALL1), CtL),

1 vil)

DIMENS ION ACTINT{201), FINT(201)

THE FORMAT STATEMENTS
100 FORMAT (1h1)
101 FORMAT {(1HL)
110 FORMAT (7110)
112 FURMAT (7F10.6)
113 FORMAT (7E16.81)
200 FORMAT (1hL +SHEDIT SET ,12)

KEFN

KTBC, XxiL8C,

NG, NZ,
KCTYP,

KDREAD, KFLUXI

NZONER, NZONEZ 4
I TMPRT,

KEDIT,

EPS, XNF,

OMEGA , OMEGAP

BF o

KCA+ KCF,

NRP1,

NDONIJ, NDNZNG.

NBUCK »

ITD,

LZSAV,

SDGFGL, SCALUP

EPGM, EPGMP,

EXTRA4, EXTRAS,

KXTRA4 o KXTRAS

XNE1),

PAVE(201)

201 FORMAT (1HL,1OHINTEGRALS »I3,18H HAVE LIMITS FROM
1 12H CN GRUUPS, +I12+4H TO ,12,31H ON RADIAL MESH INTERVALS, AND
2 1v12¢4b TO +12+24H ON AXIAL MESH INTERVALS)
202 FORMAT (1HL,12HSIGMA tQUALS,El6.8,14H FCR OPTION 1)

s12¢4H TO , 12,
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o o060

203
204
205

1000

1020

1025

1050
1055

1060
1075

FURMAT (1HL,32hHACTIVITY INTEGRALS FOR EDIT SET ,13}
FORMAT (1hlL,28HFLUX INTEGRALS FOR EDIT SET ,13)
FORMAT {1HL +32HAVERAGE ACTIVIVIES FOR EDIY SET ,I3)

THE INTEGER FUNCTIONS
INDEX(LENGTHe INDEXO, INDEXL) =LENGTH* [INDEXO—1)+INDEXL

WRITE (€+100)

READ {5,110 NISET
DO 1175 ISET=1.NISETY
WRITE (6,200) ISET
READ {5,11C} INT
INTPL1=INT+1
ACTINTUINTP1)=0.0
FINTUINTP11=0.0

DO 1150 IN=1.INT
READ (5,11C) 1G1l.s1G241R1+1R2,1Z1,122

WRITE {6+4201) IN+IGle1G2+4IR1+1R24121,122
ACTINTUIN)}=0.0
FINTUIN)=0.0

DO 1125 I1G=16141G2

GU TO (1025.,105G+1055,1060)s KEDIT
READ (54112) SIGMA

WRITE (6,202) SIGMA

GG TO0 1075

K1=INDEX(NTYPS,1G,KCA)

GO T0 1075

K1={NDEXINTYPS. 1G+KCF)

GO TOU 1075

K1=INDEX{NTYPS, IG+KCTR)

DO 1125 J=1il.122

DG 1125 I=1IR1le41R2

IJ=INDEXINR+Jo1)
[JG=INDEXI(NIJs IGe 1J}

GO 70 1111C,110(,1100,1100), KEDIT
K=1ABS{MA(IJ))
K2=INDEX{NTYNG+K+K1)

SIGMA=C{K2)

ACTINTL INI=ACTINTUIN)I+SIGMA®XNI{IJGI®VIIY)
FINTUINI=FINTUINI+#XNELI UG &V )

ACTINTUINTPL)=ACTINTUINTPL)+ACTINTUIN)
FINTCINTPL)=FINTCINTPL)+F INT(IN)

PAVEL IN)=ACTINT({IN}/FINTULIN)
PAVE({INTPL)=ACTINTUINTPL)/FINTLINTPL)

WRITE (64203) ISET

WRITE (64113) (ACTINT(IN}» IN=1.INTP1)
WRITE (6,204) 1SET

WRITE (6,113) [FINT({IN)}, IN=1,INTP1l)
WRITE (64205) ISET

WRITE (6+113) (PAVE{IN), IN=1,INTP1)
HRITE (64101}

CUNT INUE

RETURN

END
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LISTING OF SAMPLE PROBLEM OUTPUT
UVERLAY URIGIN CARDS ANL ASSIGNEU LINK NUMBERS

$CRIGIN TuSHNLC 15 LINK 1, PARENT LINK IS 0
$CRIGIN TOSNOQ IS LINK 2+ PARENT LINK IS 0
SORIGIN TUSNZL IS LINK 3, PARENT LINK IS 2
$ORIGIN TusSneZ2 IS5 LINK 4, PARENT LINK IS 3
$ORIGIN TOSNCO IS LINK S5¢ PARENT LINK IS 0
SURIGIN TOSNOU IS5 LINK 6y PARENT LINK IS V]
SURIGIN TusSHol I'S LINK 7, PARENT LINK 1S -}
$ORIGIN TOSNG IS LINK Be PARENT LINK IS 6
$ORIGIN 1DSh62 IS LINK 9y PARENT LINK IS [
SURIGIN TuSNeZ IS LINK 10y PARENT LINK IS 8
$ORICIN TuSNOYZ IS LINK 11, PARENT LINK 15 8
SURIGIN TuSNGO IS LINK 12, PARENT LINK IS 9]
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M EMORY M A
SYSTEM

FILE BLOCK URIGIN

NUMBER OF FlLES — 4
l. READS

2. PCH

3. UNITOS

4. UNITO®

FILE LIST uUrRIGIN
PRE-EXECUTIUN INITIALIZATION
CALL ON OBJECT PRUGRAM

UBJECT PRUGRAM

[VISTORN RS

02720

03000

03010

03041

03046

LINK NC.

THRU 02717

THRU 34262

0

l. ODECK *TOSN * ¥ C3040

OVERLAY CUMMUNICATION C506C

2. DECK *'INPUT * = 15037

3. DECK *REtADSV' * 20601

4. DECK *XSTuSN® * 25341

S. DECK *SETUP ¢ % 26445

6. DECK '"BCREAL®* #* 30617

7. DECK *'.KEADS® * 30731

. DECK *OUTER ' * 15037

9. DELK *OrSCALY % 21314

10. DECK *FISION®' #* 21375
11. DECK *FIXED ' * 22413
12. DELK YINNER ' % 23621
13. DECK ‘*FLUX * ¥ 31327
l4. LCECK 'SURAXS®' & 33547
15. LECK 'LDUMPBL* * 15037
16. DECK 'BCDLUMP* * 15464
17. DECK ' .PCH. * ¥ 15672
18. DECK 'CUTPUT' * 15673
15. DECK *TABLES® ¥ 15037
20. DECK *'IUACAVY = 30022
21. DELK *TaBLt * * 30022
22. DECK ?5UM ' % 31661
23. DECK *AVERAL' % 31661
24. DELK ‘CuLAPS* * 3le61
25. UDECK *tDIT ' = 15037
26. SUBR '.188YS? C0uo0
27. SUBR '".LRCUN® GLo00
28. SUBk '.IUEX ' 0G7¢2
29. SUBR *.JBCUN' 02652
30. SUBR '.LXCOUN® 05161
31. SUBR '.10GDEFR* 05515
32. SUBR '.IOCSF? C5734

—
COXDNCOV VNV L E L WWNN =

-
[

—
coOCOCON
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33.
34.
35.
36.
37.
38.
39.
40.
41,
42,
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

(+ -

INPUT -~ QUTPUT BUFFERS

SUBR
SUBR
SUBR
SUBR
SUBK
SUGBRK
SUBR
SUBR
SUBR
SUBKR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBK
SUBK

INSERTICNS OR DELETIUNS MADE IN THIS DECK)

UNUSED CURE

tJLUVRY?

Y.L XSL

VLFPTRPY

AEOLT
YFONV
fRIGS
YFiUH
*FSEL
*rwRD
'FROD
YUNOUS
*UNC6
"FSCN
*FSQKR
*LIlE.

' lUESL®
' .RrDOL*
"LSKTLWY
*«SOKTN

'TIMEL
‘77

BEGIN EXECUTION.

*
*

10227
Lu6 06
16745
11413
11461
13203
13366
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la4l6
14445
L4477
14500
L4503
14057
14723
14744
l4i6L
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15004
15007
35644

coocCcoccoecccoccccoccocovocCccaeco

34263 THRU

35627 THRU

35626

35643
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